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PREFACE 

In tbe laet decade the electi*ical iuduuti-y has developed to 
8uch an exceptiooal extent that it hau become desirable to 
iormulate aome sort of rules and regulations which may be 
used as guides in tbe various problems-of construction arising 
in everyday practice. Up to the present there has been pub- 
lished but little suitable literature dealing with tbe control of 
the generation and the distribution of electrical energy. The 
author therefore feels justified in offering this treatise to the 
technical public, with the hope that it may at least partially 
fill the void. Its object is to offer to the contractor and 
engineer, as well as to the student, material which will help 
themto understand tbe methods of handling electpical energy. 
It is assumed that the reader is familiar with the basic prin- 
ciples of electrical engineering, as well as with electrical 
machinery and tbe ordinary insti-uments. Tbe aim has been 
throughoat to restrict theoretical discussions as much as pos- 
sible and to eliminate higher mathematics. Tbe book is in- 
tended as a useful handbook for those concerned with prac- 
tical problems. 

I hare limited the work to American power station en- 
gineering. The material represents exclusively present-day 
practice and the lines which future development may be ex- 
pected to follow are pointed out. 

All concluKions set forth herein are based on personal ex- 
perience and a carefnl study of recognized standard con- 
strurtiotiH and the opinions of such anthorities as Professor 
('harle« P. Hteinmetz, Pr, Louis Bell, Frank J. gprague, W, C. 
OotHhall. Paul M. Lincoln, Professor Dr. F. Niethammer, 
Ktephen 0. Hayes, and others. 

I am particularly indebted, for assistance and information, 
to the following organizations: American Institute of Elec- 
trical Engineers; Electric Storage Battery Company; Ford. 
Bacon and Davis; General Electric Company; Gould Storage 
Battery- Company; Eartman Circuit Breaker Company; In- 
diimiipiili)s and Lotiisville -Traction Company; Interborough 
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Hapid TraDuit Company; Locke Insulator Manufacturing 
Company; New York Edison Company; Westinghouse, 
Church, Ken- and Company; and Westinghouse Electric and 
Manufacturing Company. 

I desire also to recognize the assistance rendered by the 
publishers of the Electric Railway Journal, the Electrical 
World, the Electnc Journal, the Electric Revieu) and the 
Western Electrician and the Elektrotechnische Zeitschrift. 

The author further desires to express special gratitude to 
Mr. Trifon von Hchrank, C.E., for assistance in editing and 
proofreading. 

J. Wbinoebbn. 
New Tore, Jvltf. 1900. 
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ELECTRIC POWER PLANT 
ENGINEERING 

CHAPTER I 

nrFBODxronozT 

With the development of modem aj>«tem8 of electric tra«- 
tioD, pover and light distribntion, and with the increase in 
Hize of the electrical machineB, it has become necesHar; to intro- 
dnce a prompt and reliable means of control, vhicb will serre 
at any time as an indicator of the quantity and efficiency of 
the power generation and distribution. The sub-division of 
systems into central and sub-station?, often far apart, has 
further made it imperative to protect expensive apparatus and 
machinery inside and outside the stations, against any harmful 
effects of disturbances in the system. These functions are per- 
formed by the " switchgear." Under this collective term we 
include all apparatus, instruments, cells, and compartments 
with their connections, as well as accessories and place of in- 
stallation, as distinguished from the term "switchboard." 
Although this formerly referred to the then simple switching 
system in the station, it has come to apply to that part of the 
"switchgear" which is assembled on a row of slate or marble 
panels. The functions of the " switchgear " may be summed 
up as follows : 

1. To start the machines, to maintain them in service, or to 
cut them out of the system. 

2. To gather and distribute the electrical energy, to control 
its consumption and output, and to record its characteristic 
fluctuations. 

3. To afford' protection against disturbances due to short- 
circuits, lightning, overload, or other causes, either in the 
entire system, or in any individual portion of it. 



DiQitized^yGOOgle 



2 ELECTRIC POWER PLANT ENGINEERING 

i. To afford protection for operators. The ewitcbgear id 
general is the flexible link between the source of supply and 
the consuiQer. In designing such a linkage, one must take into 
consideration the best economy, reliability, adaptability, and 
efficiency of the service in the near future, as well as the un- 
known conditions of the more remote future. 

The main part of the switcbgear is the switchboard. It con- 
stitates the nerve center of the entire system, whence the four 
above-mentioned functions are performed. We distinguish 
between two hinds of switchboards. 

A. Direct-control switchboards, which have all instruments 
and apparatus fastened on them (direct-current and low- 
tension alternating-current switchboards). 

B. Distant-controlled switchboards, which have the busbars, 
oil switches, circuit breakers, etc., located away from the panel, 
and hence operated by means of cranks, levers, toggles, chains 
or gears, or by means of motors or solenoids (high-tension and 
extra high-tension switchboards) . 

In order to be able to perform its functions it must respond 
to the following conditions:" 

1. The apparatus and their manner of installation must be 
fireproof (installed on slate or marble). 

2. The conduits and connections which carry current mast 
be so chosen as not to become overheated. 

3. All parts must be easily accessible. 

4. All live parts with the exception of those of low tension 
must be kept away from the front of the board. In general, 
high tension should not be carried to the board. 

6. The arrangement of the wires should be symmetrical and 
as simple as possible. 

' 6. As far as practicable and without unnecessary complica- 
tion of the arrangement of the apparatus, it should be ren- 
dered impossible to make a wrong connection which would 
result in serious consequences. 

7. The possible enlargement of the switchboard should be 
taken into consideration. 

8. A disturbance in one part of the board shonld not affect 
the entire system. 

* "The BUodardEandbooii for Electrics] EugioMn." HcGran Publlihlng 
Comptmj. 
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INTRODUCTION 3 

9. A BnflQcient Dumber of safety devices should be provided. 

10. All necessary mstrumeuta and apparatus for the opera- 
tion and control of the output of the generators and feeders 
should be installed. 

The apparatus and instruments used most naturally be 
suited to special cases, low-tension d.c. requires different 
apparatus ffom a high-tensioQ a.c. The api»aratus must be 
adapted to the kind of cnrrent, d.c. or a.c., to the voltage, to 
the kw. rating of the units and to the local conditions of the 
plant. We accordingly divide switchgears into two main 
groujis, i.e.: 

d.c. Bwitchgear. 
a.c. switchgear. 

The first group Includes mainly direct-controlled, and the 
second, both direct and distant-controlled switchboards. 

It is characteristic of American practice that products 
manufactured on a large scale are standardized, a method 
which allows of better, quicker, and cheaper construction of 
products, together with more accurate and economical design 
This also has reference to the production of switchboard 
panels. The installation of such standard panels in a station 
requires a minimum amount of time, money, and intelligence, 
which is of especial advantage in the delivery of such material 
to foreign lands. The panels are carefully tested before ship- 
ment. (The General Electric Company's test voltage for in- 
struments rated up to 1000 volts is 2500 volts, and double the 
service voltage for instruments of higher rating.) The panels 
most often standardized are those used in railway service and. 
to a certain extent, those for lighting purposes. I>ow and 
medium-voltage boards are distinguished by the fact that n 
separate panel is supplied for each generating or feeding unit. 
The entire board consists of a number of unit panels or groups, 
^parate panels are required for each generator; d.c., syn- 
chronous, or induction motor, for the d.c. and a.i'. aides of syn- 
chronous converters, for transformer sets, storage batteries, 
groups of arc or incandescent lamps, for every feeder or 
group of feeders, and in large stations for the power-house 
instruments. 

Another division is sometimes made according to kind of 
cnrreot and system, as, for example, single, double, three, four, 
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4 ELECTRIC POWER PLANT EyOIXEERING 

and six-phatH; u.f. h.vsU'Iii, wr two, tln-ee, or live-wire d.c. ajatem. 
A large.Dumber of combinations is therefore possible, covering 
all cases arising in practice. 

AJthongb American switchboard arrangements are less 
decorative and simpler than those in European use, they never- 
theless afford easier orientation and safer operation. A single 
glance at the board will at once reveal the number of the 
different units in the plant and the ways and means for their 
control. The symmetrical arrangement of connections on the 
back of the board makes possible an easy and safe access, and 
facilitates tracing of connectiODa. 
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CHAPTEK II 
DIKBOT-OURBEirF OEUBBATOBS 

In the last decade electrical energy ia the form of direct Gar- 
rent has predomiDated for traction, aa well as for light and 
power distribution. Dne to the increaee in variety and size of 
the applications of electrical energy and the advance in inren- 
tioDB and improvements in the field of a.c. apparatna, especially 
motors, the d.e. is being steadily replaced by the a.c. This 
does not mean that the a.c. is in all cases a substitnte for the 
cl.c., for, on account of its characteristics, the d.c. is in some 
instances indispensable, while under other special conditioas 
it may be more advantageous. 

We will classify the d.c. sources as follown: 

1. Generators. 

2. Converters (synchronous converter, meronty rectifier). 

3. Storage batteries. 

Fig. 1 shows a wiring diagram of a generator equalized on 
the negative. The generator has a compound fleld-windit^ 
consisting of a shunt and series coils. The shunt field-winding 
has great inductance on account of a large number of taras. 
It is connected on one aide to the negative and on the other 
side through a fleld-discharge resistance switch and a vari- 
able resistance to the positive. When the generator ia started 
the residua! field is sufficient to generate a low voltage which 
then builds up rapidly, the field current and machine volt- 
age mutually reacting to increase each other. The machine 
voltage does not increase in proportion to the field current. 
After a short time it reaches a certain value which is ap- 
proximately the normal voltage of the machine. The coils of 
the series-winding contain few turns of low resistance and are 
wound on the same pole as the shunt coil. The shunt-winding 
is predominant in its effect, and the series-winding may either 
intensify or oppose the magnetism produced by the shunt- 
winding. To run compound machines auccessfully in parallel 
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if iH uece88ui\v to (uiiiit'il their serJeR field-wiDdings in parallel 
through a low-reaistance connpction, so that if the load on one 
machine increases, the additional current will divide through 
the aeries coils of the other machines and raise their voltage 
correBpondingly. This connection between the machine sides 
of the series coils is called the equalizer. We therefore hare 




Pia. 1.— Wiring Diagram of a aiiiRle-Pole Direci-CutTcnt Oenerator 
PadsI, Generator Kqiinlizcd on ilic Negative Side. 

in the case of several generators, one positive, one negative, and 
one equalizing bus, each of which connects the respective poles 
of the machine in parallel. The method of connection shown is 
used in the case of large central stations with several gener- 
ators, and affords a considerable saving of copper in cables. 
The positive bus is mounted on the back of the switchboard, 
while the negative and equalizing buses are installed in the 
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Fro. S.— Mellioilb of Muuuting Field RliMisiaU. 
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foundations of the luacliine. The apparatus for putting tlic> 
machine in and out of service and for regulating and recording 
the current and e.m.f. are as follows: A quick-break lever 
switch, which is one of the main connections between the posi- 
tive brush of the generator and the positive busoar. In case it 
is necessary to repair one of the machines it must be discon- 
nected from the live bus, for although the machine is not sup- 
plying energy, there is, nevertheless, a current from the bus to 



-n. 



Fig. 3— OcDerator or Synchronous Converter Panel for RatingB 
Not Exceeding 800 kw. 

the machine if the connections are not open, a condition which 
would render handling of the machine parts unsafe. The lever 
switch in the connection to the equalizer bus and the automatic 
circuit breaker in the series-winding circuit serve the same pur- 
pose. In addition to the above, a further means of disconnect- 
ing the machine is provided in the form of an automatic circuit- 
breaker which is connected to the bus on the positive side of the 
machine. This apparatus operates in case tlie positive aide of 
the machine is accidentally grounded. Since the negative is 
previously grounded (in case of niilways, lieing connected with 
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the rail), an exceseive flow of energy through the earth would 
take place, which could seriously damage the machiue. The 
rheostat for adjusting the field i-urrent of the machine is gen- 
erally operated directly from the switchboard by means of 
handwheels, chains, and sprockets. In case it becomes impos- 
sible to operate from the switchboard, on account of the large 
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Fio. S,— Wiring Diagram of a SloglePolu Direct- Ctirreat Oenerntor Panel, 
Qenerator Equalized on llie Posiiive 8tde. 

size of the rheostat or lack of space for setting it up near the 
switchboard, it is operated by means of a pilot wheel mounted 
on a tripod in front of the panel corresponding to the respec- 
tive generator. (See Pig. 2.) This facilitates reading the in- 
strnments which indicate the necessary adjustment. 

For generators, ammeters nre always necessary. They indi- 
cate whether or not the load is properly divided between them. 
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DIRECTCVRRENT GENERATORS 13 

The connection is made by iiieaos of a Hbuiit. It ia desirable to 
locate the shunts as near the inBtnimeuts as possible, thus 
avoiding the nse of long leads. One voltmeter is sufficient to 
indicate the voltage of all the machines or busbars, the con- 
nection being made through plug switches. The voltmeter is 
protected against abnormal voltage by a renewable fuse. For 



/* 



FiQ. 8.— PedesUl tor Mftio and Equnlizer Snitcbee. 

large boards the voltmeter is placed on a swinging bracket on 
the side of the generator panel. Watt-hour meters are desir- 
able in BO far as they indicate the energy output of the in- 
divldnal generators. Potential wires across the backs of all 
the panels serve to ease the connections for the respective in- 
stmments. They are connected to the positive and negative 
sides of the machine at any convenient points. A lightning-ar- 
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14 ELECTRIC POWER PLANT ENOINEERING 

reater is inserted between tlie quk-k-break switch and tli<> watt- 
hour meter in order to protect tUe macbine and instruments 
against ligbtning. A number of ineandeacent lamps may be 
inserted across tbe main voltage aa shown by the dotted line on 
the diagram. In order to call attention of the operator to the 



Fig. 7o.— Panel for Main and Eqiiiiliu'r Swiiclns (Frmit View). 

fact that one of the cin-uit breakers on the poaitire aide has 
ojiened, an electric tell-tale is connected with it, which rings 
when the circuit breaker ojM'nR. Instead of tell-tales, signal 
lamps are sometimes emplovod. Figs, fl and i show tlio ar- 
rangement and dimensions of generator panels for various kw. 
i-atings as manufactured by the fieneral Rleetric Tompany. 
Such panels can be used when either the positive or negative 
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bus is mounted ou the board. In the latter case a change in 
the connections between the ammeter and the shunt and a dif- 



Pifl. 7ft.— Panel lor Main and Equalizer Switclies (Bnck View). 

ferent location of the lightning-nrreater is necessitated. (Ree 
Fig. 5.) This condition often obtains in practice in small 
t-entra! stations. The iiegativo hiis on tlip board is grounded, 
while the generator is ecjualiBed on the positive side. 
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16 ELECTRIC POWER PLANT ENGINEERING 

The panels are made of slate or of white Italian or bine 
Vermont marble, 2 incbea thick and from 16 to 24 iaches in 
width, and are built in two or three Bectiona, giving a total 
height of from 90 to 108 inches (G. E. make). The stipporting 
framework is composed of angles and tees. Qas pipes con- 
nected to the panels with movable cast-iron clamps have re- 
cently come into nse. For connections between different in- 
struments, apparatus, and bnsbars for higher current values, 



Flo. 8.— Wfriug Diugraiii uf b Double-Pole DirecUCurrent Generator 
Panel, Qenerator Equalized ou the Positive SMv. 

copper strips are employed, allowing one square inch per 1000 
amperes. Standard thicknesses and widths are used, some- 
times combining several strips for one connection, with a 
ventilating space Iwtween them. Aluminum may be used in 
place of vopper, in which case the current density may be 
taken as 750 amp. per sq. in. These strips must be carefully 
bent in order to bridge other strips, or contact studs of equal 
or different polarity. For voltages up to 600 it is customary to 
allow a minimum space of one inch between connections or be- 
tween live parts and ground. The Westinghouse Company 
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ciuylovB elongated cuntai-t bolts io place of bent copper strips. 
These bolts are copper rods of coavenietit lengths with brass 
c-astingB similar to a union and with both right and left-hand 
threads. A straight connection between one set of bolts 
bridges a similar connection between another set. The 
standard sizes of busbars are 2 in. by 0.25 in., 3 in. by 0.25 in., 
5 in. by 0.25 in., and 10 in. by 0.25 in. These and other sizes 




Flu 9.— Double- Pole Qenerfttor Panel for 560 kw. 2S0 Volts. 

are used for connections. All live parts are designed for a 
rise in temperature not exceeding 20° C. at normal load. The 
apparatus should be designed to perform its rated functions 
accurately and safely to meet successfully the most severe con- 
ditions that may be imposed upon it, and to present a hand- 
some appearance. 

The circuit breaker for the negative side and the equalizer 
switch in Fig. 1, and the equalizer switch and positive switch 
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DIRECT-CURRENT GENERATORS 19 

in Fig. 5, are niouoted ou separate pedcHtals or panels near tiie 
machine so as to facilitate baudling. (Figs. 6 and 7.) 

Up to this point we have treated switchboards having one of 
the buses either positive or negative uiouuted on the tuu-k of 
the board. This construction has the advantage of greater in- 
surance against short-circuiting, since with the uninsulated 
live parts only one polarity prevails. These switchboards are 
mainly employed for railway service up to 600 volts. For 125, 
250, and 600 volts, and from 25 to 1000 kw., double-pole 
switchboards are often used, having both buses mounted on the 
back of the board. They must, therefore, have two lever 
switches on the board for both current directions. Hence, the 
pedestal near the machine holds only the 
equalizer switch. In all other respects „ „-, _ , , 
connections, lostmments, etc., are identi- [rf*fi5 Ceifes 
cat with those of the flrBt-mentioned case. 
Fig. 8 shows a wiring diagram, and Figs. 
9 and 10 show a switchboard for this class 
of machine. The mounting of the posi- 
tive and negative buses should be noted. 
They are of the same standard width and 
thickness as noted above. The buses are ^'« " -Metbod of 
. , , . , nnn • Mounting of Direct- 

designed to carry 1000 amp. per sq. in. current Bustar,. 

for the normal load, plus a certain guar- 
anteed percentage for overload. They are mounted on in- 
sulators attached to brackets, giving for the positive bus a 
distance of 5 in. from the board for normal sizes of apparatus 
and 11 in. for larger sizes. The negative bus is 6 in. from the 
positive one. (Fig. 11.) Since we have a fixed distance be- 
tween the busbars and the upper edge of the pane! and as- 
sumed distances between instruments, we can easily lay out 
with great accuracy the bending and drilling of copper con- 
nections. When strips of over 2 inches in width are to be con- 
nected with busbars of 3 in., 5 in., or 10 in., we may use special 
cast-iron clamps instead of resorting to drilling, riveting, and 
soldering. <Fig. 9.) 

For generators of smaller rating and voltage, as for instance 
26 to 100 fcw., and 125 to 250 volts, the equalizer bus is also 
mounted on the board. This eliminates the pedestal in front 
of the machine, nnd in place of it a three-pole lever switch on 
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the board ib nsed, which takes care of the puuitive, negative, 
and equalizer sides of the machine. (Fig. 12.) The rheostat 
is much smaller and is mounted on a tripod or on pipe sup- 
ports on the back of the board. 

In order to throw one generator into parallel with others in 
service, proceed as follows : 
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Ro. 13.— Geueniior Panel for 125 end 250 Volia, Batiogs from 25 lo 100 kw. 

1. CluHe main and equalizer switches (on pedestal or panel 
near machine).* 
L'. Close field switch (on panel). 
:f. Close circuit breaker. 

4. Insert potential plug in receptacle and adjust voltage b; 
means of rheostitt. 

5. When the proper voltage is obtained, close the other main 
switch. 

■ If one or botL lever swiUihea nre on tbe btinnl. it is obvious tliat tliey per- 
form tlie BHme fuactioDs as stated above. Hence the sanie procedure should 
be follotred. na bere Indicated. 
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CHAPTER III 

BTNOHBONOUB OOSV^BTEBS 

A STNCHKONous converter UesaeBtially a d.c, generator, pos- 
Bessing, besides the ordinary commutator, several collector 
ringa which are connected with the armatare winding at cor- 
responding points. When this machine is driven through the 
application of mechanical power it delivers either direct or 
alternating current. If on the other hand electrical energy is 
employed to drive the machine, available mechanical energy 
will be the result. It is thus evident that the machine can be 
mn either as a synchronous or d.c. motor or as a converter of 
a. currents into d. cnrrents or vice versa. In this chapter we 
will treat only the d.c. side of the converter. 

In the first case, when the converter acts as a d.c. generator, 
the switching arrangements are almost identical with those of 
the ordinary d.c. machine. Fig 13 differs from Fig. 1 only in 
that the negative side of the machine is grounded directly or 
ia directly connected with a grounded n^ative bnshar, so that 
we have only one lever switch for the equalizing bus.. This 
switch is located near the machine or on the frame of the con- 
verter itself. The automatic safety device which guards 
against grounding is found on the a.c. side of the generator. 
The automatic circuit breaker on the positive side is supplied 
with a special coil which opens the circuit breaker at a given 
low voltaga This winding is connected with a speed-limit de- 
vice mounted on the shaft of the converter, which closes the 
circuit of the winding at a given speed limit and operates the 
circuit breaker. Figs. 3 and 4 may also represent converters 
for which the positive bus Is mounted on the board. The series 
field-winding of the converter is connected to the negative side. 
The above considerations apply to a converter started from the 
a.c. side, which is the most frequent case in service, becau^se 
the converter does not require to be synchronized. (See Chap- 
ter XXI.) After the converter has been started on the a.c. 
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side, and it is desired to throw it in parallel with other ma- 
chines on the d.c. eide, proceed as follows: 

1. Close the equalizing lever switch on the machine. 

2. Close the automatic circuit breaker on the board. ' 

3. Ascertain the voltage, nsing plug ewitch and voltmet^ on 
movable arm. 



Fio. IB.—Wirliig Diuijramof a Pro. 14— Wiring Diagram of a Single- 

Coo tinuouH-Ciirn;nt Synchro- Pole Direct Current Inverted Cod- 

noiu Converter Panel. verter Panel. 

4. When the deaired voltage 1b reached close the positive 
lever switch on the board. 

If the converter is to be started on the d.c. side, the switch- 
board must be provided with a starting rheostat switch. The 
converter must be synchronized with the line. This must also 
be done when the machine is started by a separate induction 
motor. (See Chapter XXI.) To start, proceed as follows: 
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1. Close the field switch. 

2. Close the main switch, allowing the starting rheostat to 
remain in circnit. 

3. When normal speed is reached gradually throw out the 
starting rheostat. 

4. Change the field strength b; means of the rheostat until 
the synchronism indicator shows equal synchronism with the 
a.c. generator. 

5. Close the a.c. oil switch. 

Fig. 13 shows a compound field converter — hence the equalizer 
buses. Such machines are used for variable load in traction 
systems. In case converters with only shunt field-windings to 
be run in parallel, the equalizer bus is omitted. This 
type of machine is especially adapted to electric lighting or 
electrochemical purposes where the d.c. voltage requires 
special control. This control is taken care of on the a.c. side 
by a potential regulator (see potential regulator), inserted 
between the low-tension side of the power transformer and the 
converter. 

Fig. 14 shows a wiring diagram for a d.c. inverted con- 
verter. The speed of this machine, like that of a d.c. motor, 
depends essentially on the field strength. The speed increases 
with a decrease in field strength, and vice versa. It foilowa 
that the series field should be weak, for otherwise we should 
have a constant change in speed, giving rise to variable fre- 
quency in the delivered current. A lagging current weakens 
the field, thus increasing speed and frequency, and making it 
possible under certain conditions with inductive load for the 
machine to run away. Particular attention should therefore 
be directed towards maintaining sufficient field strength, in 
order to avoid excessive speed, particularly when the given 
converter drives a second machine which reconverts the a.c. 
into a d.c. Speed-limit devices, capable of operating an auto- 
matic circuit breaker are mounted on the shafts. The starting 
rheostat is nsnally mounted separately, or in case the watt- 
hour meter is located off the board, the starting rheostat is put 
in its place on the base of the panel. 
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CHAPTER IV 

HEBOUBIT BBOTIFIBBS 

• Of* late a new syBtem for converting alternating into dlreot 
vurrent has been developed. Up to the present this syBtem 
has been most widely used in electric automobile service, or 
wherever batteries are charged. Formerly in oases where 
small batteries were to be charged, and where no low-voltage 
direct cnrrent was available, it was necessary to provide verv 
costly and cnmbersome apparatus. The best known devices 
for this purpose were: 

1. A motor-geuerator set whose disadvantages are high cost, 
large consumption of floor space, and requirement of higher 
intelligence for operating. The efiSciency at fnll load for 
charging batteries is comparatively low, and at light load, 
very low. 

2. Single-phase synchronouH converter. This is not as 
flexible as the motor -genera tor, particularly as regards voltage, 
and the higher intelligence requisite for starting and operating 
adds another disadvantage. 

3. Synchrononsormechanicallydriven rectifier, which thongh 
small requires considerable attention, as the d.c. brushes are 
apt to spark badly and require constant renewals. 

4. Chemical rectifier. This machine has not justified itself 
in practice on account of the variability and uncertainty of the 
charge. I,ts efficiency is low under all conditions. 

The mercury rectifier has none of these disadvantages. Its 
cost is low, it requires little space, and its efficiency of con- 
version at low or full load is high. It in flexible, safe in 
operation in that it is impossible to discharge the batteries by 
a reversal of current, and it has no moving parts. It is on the 
whole a very simple machine. The only disadvantage lies in 
the fragility of the glass bulb, but this is compensated for by 
its low cost. The process of rectifying is based on the fact that 
it is difficalt to excite a cathode in mercury vapor. Since an 
electrode cannot become a cathode by itself, the current must 
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always have one direction, from the electrode to the vapor. 
The theor; of this phenomenon is treated in different ways hy 
Dr. C. P. Steinmetz, and by Peter Cooper-Hewitt. The equip- 
ments of the apparatus as manufactured by the two companies 
(General Electric Company and Westinghonse Company) 
do not di£Fer essentially from each other. Fig. 15 shows a 
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Fia. IB.— Diagram of Connection of a Qeneral Electric Co, 
Mercuiy Rectifier. 

genera! wiring diagram of the mercury rectifier of the Genial 
Electric Company. The secondary winding of a transformer 
which reduces the available alternating e.m,f. to a given 
value (usually 110 or 220 volts 60.cycle single-phase), is con- 
nected in parallel with the anodes A and A^ of a glass tube 
containing mercury vapor in vacuum, and with two reactors, 
also in parallel. The cathode B is connected through the load 
with the binding post between the two coils. 
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According to Lhe theory of Dr. Bteiometz, the mercnry vapor 
offers a very high resistance to the passage of electricity, in 
fact, it may be considered almost a noD-coadnctor. If the 
vapor is ionized it becomes a good conductor, bnt in one direc- 
tion only. By means of employing a mercnry electrode as a 
cathode, ionized mercury vapor may be liberated. The initial 
ionization of the mercury vapor is accomplished by a small 
starting anode, C, which is brought into contact with the 
cathode by a mercury, bridge formed by slightly shaking the 
tube. The breaking of this mercnry bridge starts a small 
initial arc, and the arc thus obtained excites the cathode, giv- 
ing the necessary ionized vapor, which enables the working 
anodes immediately to become active and the tube to start. 
The two anodes, A and A', serve as electrodes for the alternat- 
ing current. The upper halves of the cycles are sent through 
the ionized vapor alternately by both anodes. 8ince the dis- 
placement between waves sent throngb both anodes is 180°, 
the current at the cathode is a pulsating direct current, vary- 
ing between the values of zero and the maximum. A cnrrent 
of this nature, identical in its characteristics with the alternat- 
ing current, which it replaces, is not serviceable. Although 
the zero value is but momentary, it is nevertheless sufficient to 
canse the cathode to lose its excitation. This causes the arc 
which carries the current between cathode and anode to be 
extinguished. A device designed to keep the current value 
constantly above zero is therefore necessary. This is ac- 
complished by the reactors. The coil, E, is charged during the 
rise of the wave from zero to maximum. The coil discharges 
according to the laws of induction in the same direction as 
that of the main current. This has the effect of keeping the 
value of the current above zero until it meets the rising second 
wave. The overlapping thus caused maintains the excitation 
of the cathode and the arc. The same action takes place be- 
tween the wave of the anode. A', and the coil, P. The result- 
ing current is a pulsating one. but the pulsations are shallower 
on account of the action of the coils. Fig. 16 shows the glass 
tube with the two anodes, starting anode and cathode, and the 
wiring diagram of commerrinl switch boa rdn. On the board 
are mounted an ammeter, a voltmeter, a double-pole a.c. 
line switch (for example, to connect secondary winding 
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to transformer), a duuble-pole d.c. load switch, one double- 
pole starting switcti, ooe siagle-pole load switcli, neces- 
sary fuses and circuit brealier to protect tlie rectifier from 
overload. A starting rheostat is mounted on the gas-pipe 
frame of the panel. The rectifier is started through the 
rheostat and id then thrown onto the load. A signal lamp 
connected in parnllel with the rheostat is mounted on the board 




mvAi- Ua* vtHagt { ''f^;^^***'f ^ Cannrct j'tal. HfltteroftdOUif 

Via. 10.— Wiring Diagram and Panel of a Mercury Rectifier 
Uutflt (Qeneral Electric Co.). 

which, when burning, indicates that the load is on the line 
and that the rheostat should be cut out. The lamp remains 
dark when only the load is in circuit. The anodes are con- 
nected directly with the reactors, and the cathodes with the 
load. Taps lead from the reactore to a dial switch on the panel, 
through which the current and e.m.f. can be varied within 
certain limits. Mercury rectifiers are built for ratings of 10, 
20, and 30 amp., for single tubes. They may be operated in 
multiple by addition of certain auxiliary apparatus and can 
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thuB be made to deliver a greater current. They are mostly 
used with 60-t-ycle IKf or 1*2(1 volt single-phaBe alternating 
current, and deliver from 16 to 115 volts direct current. At 
the present time the,v are coming into use more and more in 
larger installatioDB for arc lampa, mercar; lamps, and ina|*> 
netite lamps connected in series. 

Fig. 17 is a general wiring diagram of the Cooper-Hewitt 
mercury rectifier as put forth by the WestiDghonse Company. 
Its action is the same as that discassed above, but the theory 
of the phenomena is differently explained by Cooper-Hewitt. The 




7lQ. 11.— Connection Diagram (or Batter; Charging 
with a Cooper He wilt Reclifler. 

electricity can easily flow into the mercury vapor from a metal 
or graphite contact connected to a source of power. As soon 
as the cnrrent direction is reversed the solid contact offers a 
very high resistance to the passage of electricity- from the mer- 
cury vapor to the contact. This resistance can be overcome 
by a very high e.m.f., and as soon as this condition obtains, 
the normal current can be established from vapor to contact 
with a low e.m.f., the resistance having practically disap- 
peared. According to Cooper- Hewitt's theorj-, the difBcnlt; 
encountered in establishing n cathode is due to the great re- 
sistBDce which the latter oSers to the passage of electricity at 
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the first instant. As soon as the oathode is eBtablished, how- 
ever, this i-eaistance is miDimizeiJ. If a single-phase alternat- 
ing e.ni.f. is supplied to the anodes the action is the same as 
that described under Fig. 15, where we saw that only one-half 



Fio 18.— Panel OiilAt uf u Cooper- Hen i It Mercury Reciifler. 

of the waves pass through eu<.-h auude. (iHincc the wave halves 
are displaced 180° from each other, the resulting enrrent 
reaches zero valne at the end of each wave, which again canaes 
a great resistance at the cathode. The iiero value muat there- 
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fore be bridged over, aud this is avconiplislied by means of tin- 
reactors in tlie coDoectioD to the catbode. The applied e.m.f 
charges the coil daring the rise of the wave and discharges it 
during the fall of the wave. This caases an elongation of the 
current waves BO that tbej overlap before reaching the zero 
value. This overlapping of the rectified current waves reduces 
the amplitude of the pulsations and produces a comparatively 
smooth direct current. A momentary metallic contact is 
brought about between cathode and starting anode by tilting 
the glass tube. When the metallic circuit is opened by bring- 
ing the tube back to its original position the current is not in- 
terrupted, as the negative electrode resistance is broken down. 
The apparatus Is in no sense a transformer. It does not con- 
vert energy from one form into another. Its action is simply 
that of valves opening and closing gateways and thus allowing 
electricity of one direction to flow through a given line. Fig. ■ 
18 shows the Cooper-Hewitt men'ury rectifier and panel. The 
autotransformer is placed on the floor back of the panel. It 
receives the alternating cun-ent. A dial switch on the front of 
the panel regulates the potential. The " sustaining coils " are 
fixed on the rear of the )>anel as is also a conti-olling re«ctop, 
by means of which more precise e.m.f. regulation can be ac- 
complished. Tile tube is mounted in a ring on the back of the 
panel. A stem on the ring projects through the panel, and by 
means of a hand wheel attached to the stem a tilting of the 
bulb can be secured. These rectifiers are used for from 40 to 
I20-vo:t direct current, connected to 110 or 220-voIt 60-cycle 
alternating current. 
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8TOBA.OE BA.TTEBIES 

Thb scope of tbia work does uot call for any extended treat- 
ment of the coDBtruction of storage batteries, as tfals matter is 
treated fnllj by any number of authorities. They will be dis- 
cussed here only in so far as they constitute an essential part 
of electric power-station switchgear. 

Storage batteries are used as emergency re8er\'es to help out 
a badly engineered d.c. installation, or for taking up peak loads 
on a system whose maximum load has outgrown the rating of 
the generating station. But in designing a new installation 
they are taken into account to assure efficiency, reliability, and 
economy of investment and operation. 

Btorage batteries are used for the following purposes: 

1. To regnlate the station output. 

2. To compensate line losses. 

8. To act as reserves in case of shut-downs. 

4. To act as equalizers in three-wire systems. 

The above functions may be called for singly or together, and 
may be performed at the central station, sub-station, on the 
line, or in two or more of these places at the same time. Bat- 
teries are employed in railway, light, or motor service. 

1. Batteries are used for regulating the station output in 
two cases. 

(a) In the first case the battery is charged by the machines 
when the ontside load is reduced for some length of time, and 
is discharged on peak loads or at night when the machines 
are not mn. For this reason the generation and transmission 
of energy np to the point where the battery is installed 
are made Independent of the load variations beyond that 
point. 

(b) In the second case the battery is constantly in service, 
charging and dischai^ng according to the momentary fluctua- 
tions of the load. This is a condition which always occurs in 
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railway service. Hence we have the terms equalizer, fly-wheel, 
or buffer batteries. 

A battery therefore serves to keep the time and rate of 
energy generation independent of the time and rate of the load 
fluctuations. In both these cases the use of batteries has 
proven highly economical. For maximum efficiency it is es- 
sential that all machines should be kept loaded to their full 
rated power while in service. If storage batteries are not in- 
stalled, the rating of the machines must be equal to the maz- 



Fiu. la.— Loutl Curves with Battery to Use, 

imum load, even though such load may be of only short dura- 
tion ; bence the station rating is in excess of the average 
po«-er required. If, on the other hand, batteries are installed, 
the necessary machine equipment is reduced in size to an 
amount equal to the average load. At the same time the 
eCQciency is increased by keeping the load factor constant, cor- 
responding to the maximum (efficiency). Since, moreover, the 
battery is beet able to deal with the very kind of loads which 
are imposed upon it, i.e., small loads of long duration (as 
night railway service) or sudden fluctuations which most re- 
duce the efficiency of the mncliinca, a proper division of load- 
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ing will result in maximuin fuel econumy. By increasing the 
luad factor of the machines and decreasing their service bonrs, 
an additional advantage is gained through decreasing the 
losses iocidental to starting and shutting down. 

The diagrams in Fig. 19 show the load fluctuations of a sys- 
tem and the influence of batteries on the generator output. 
The average load on the line is approximately equal to the gen- 
erator output and fluctuations are taken up by the battery. 
In this case the generator rating is only LlOO amp., while with- 
out batteries it would have to be 1400 amp. 

2. If a battery is joined to the line at a distant point, the 
line carries only the average load instead of the maximum. 
With a given line drop this affords saving in copper or a 
higher allowable voltage for a given size of wire. In some 
cases, where the average load of the line is small, batteries may 
be used to replace sub-stations. When installed in sub-stations 
they afford not only a saving in copper and reduction of line 
loss, but equalize the load on the converter, which therefore 
draws a constant current from the central station, so that the 
bigb-tensioD line losses are also reduced. 

3. The special advantage of storage batteries is their ability 
to act as reserves. The following cases are the most important 
arising in practice : 

(a) When the central, high-tension transmission line or sub- 
station is accidentally shut down. In this instance the bat- 
tery will for a certain length of time maintain the service in the 
portion of the system affected, allowing the necessary repairs 
to be made. 

(b) At momentary, unforeseen, or excess load, such as traflSc 
congestion or increased demand for illumination on dark days, 
the batteries will take up such loads before it would be possible 
to put any additional units into service. 

(c) They make it possible to disconnect the transmission 
line and all machines in the central or sub-stations for a con- 
siderable length of time during the night so as to allow of 
inspection and repairs. 

(d) If batteries are used in systems not generating their 
own power, they make it possible to buy direct or alternating 
current from other systems when these are not overloaded, and 
this at a constant rate. Sinw the price of energy is figured on 
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the baBis of peak load, tlie gain due to tbe lower rate ut de- 
livery required by batteries frequently offsets the initial cost 
of the batteries themselves. 

If there is any indication of disturbances in the system 
which might affect the machines, the trouble can be localized 
by cutting out the machines and throwing in the batteries. 
The emergency value depends npou the size of the battery 
relative to the load and the kind and variation of that load. 

4. In the three-wire systems, batteries are used as equalizers 
by connecting the uentral of the system to the middle of the 
battery, and the other buses to the ends. 

When connected to an open circnit, a single element 1ms an 




Fig. 20,— Battery ConDections witli a Double Eiid-Cell Switch. 

e.m.f. of 2.08 volts. This tension is called " floating voltage," 
for if the battery were connected into a circuit of this voltage 
it would neither be charged nor discharged. When a battery 
discharges, its voltage drops momentarily, and then remains 
constant to a point at which it again drops rapidly. In prac- 
tice it is never discharged beyond a point at which the e.m.f. 
is 1.8 volts. The initial drop is caused by the internal i-esist- 
ance and partial polarization on the surface of the plates. In 
charging, the external or impressed voltage must be HufHcient 
to overcome the counter e.m.f. and internal resistance of the 
cell. The voltage of the batterj- on charging rises momentarily, 
and, as before, remains constant until the battery is com- 
pletely charged, when it again commences to rise. To chai^ 
or discharge a battery at a constant rate the e.m.f. must vary 
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according to the battery's characteristU- lurve for rhat par- 
ticular rate. A battery in circnit wiii require or produ<.-e 
current only when the outside voltage differs from the floating 
voltage. When this difference becomes safflcient the battery 
will operate without further assistance, and so take care of 
peak loads and large rapid fluctuations {a case which often 
arises with line batteries). 

The operation of the battery is ^mewhat different when 
strong fluctuations do not exist or are not admissible, and 
also when precise equalization and quick response are requireil. 
In such cases auxiliary apparatus is used to regulate the charg- 
ing and discharging. Such apparatus is either hand-operated 
or automatic. The former is used when the battery is to t>e put 
into commission for some length of time. This applies 
especially to lighting systems. The most usual method of 
regulation is by " end cells." These consist of a number of 
cells connected step by step in series with the main battery eo 
as to compensate the voltage drop during discharge. Fig. 20 
shows an end-cell arrangement with two switches. The re- 
quired line voltage is maintained throagh the regulating 
switch, E, while charging is regulated by the generator field 
rheostat and switch, B,. With this arrangement the generator 
chaises the battery at a higher voltage, and at the same time 
feeds the line at the normal pressure. The sum of the charging 
current and line current passes throagh the end cells, so that 
these are chai^d more quickly than the remaining ones ; this 
requires catting out the cells step by step by means of switch 
E. The battery should be charged only when the outside loail 
is low. The end switches mnst be carefully designed so tliat 
there shall be no short-circuit between adjacent contacts, or in- 
terruption of the circnit while shifting the <'onta<-t arm. 
Sometimes they have an additional arm insulated from the 
main arm and connected with it throagh a resistance, so that 
when the two arms are on adjacent contacts, the short-circuit- 
ing corrent is reduced by the resistance. These end switches 
are usually in the shape of dial switches or straight line glide 
switches. They are mounted on the switchboard and are 
operated manually or by motor. 

Another method of regulating battenes by hand makes use 
of a carbon pile, whose resistance depends upon the surface 
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preeeure on tbe tarbuD plates of which it is composed. As this 
pile IB connected in series with the battery, any change in the 
pressure will change tbe charging voltage. 

Automatic regulation of storage batteries depends npoo the 
generation of an additional voltage, which canses charging 
when added to the bus voltage and discharging when sub- 
tracted from it This extra e.m.f. is used to overcome the 
counter e.m.f. of the battery. It is produced by a generator 
called a booster, whose armature is in series with the battery 
and whose field is automatically regulated through the in- 
duencc of the load variations. 

The simplest case is that of the " shunt booster," whose 




Fio. 2t, — SliuDt Booster Connection. 

field-winding is in parallel with the buses. This machine is 
used only for regulating the charge, and it accomplishes this 
through a field rheostat. The connection diagram is given in 
Pig. 21. The booster is driven by a shunt motor and is discon- 
nected while the battery is diacbai^ing. For the discharge 
regulation end ceils are used. Shunt boosters with manual 
regulation are used in plants where the load variations are 
gradual and uniform, so that the battery may be charged and 
discharged for longer periods. This is the case for peak loads 
of long duration, or when the generators are shut down. 

Id traction systems where the load fluctnates rapidly within 
wide ranges a booster must be used whose e.m.f. Is made to 
vary automatically with tlic load, so that it will add or sab- 
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tract from the battery vultiige ux i-eiiuired. These reqnire- 
meots are met by the "differential booster." This machioe 
differB from those previoiislr described in that it has a series 
field winding in the working circuit in addition to tbe shunt 
field winding. Id Fig. 22, F, is the shunt and F, the series- 
wiudiog. The second winding opposes the first, so that at a 
certain external load tbev will balance each other and the 
resnltant e.m.f. will be /.ero. At this load the generator e.m.f. 
is equal to that of the battery, so that the latter will neither 
charge nor discharge. At higher loads the action of F^ is 
greater than that of F,, and tbe booster e.m.f. is added to that 
of the battery, causing the battery to be discharged. With 




FiQ. St.— Dlflerentla) Booster Gonnecdon. 

smaller load, on the other hand, F predominates, and the 
booster tends to charge the battery. The booster, therefore, 
tends to maintain a constant load on the generators by enabling 
the battery to take up the fluctuations. In order to make 
this combination as stable as possible, a third field winding 
is pot in aeries with the generator circnit, so that the in- 
creased generator current caused by tbe increased load pro- 
duces an additional effect which enables tbe battery to dis- 
charge. The object of this third winding is to secure a more 
perfect and precise r^ulation than would otherwise be p<m- 
sible, and to keep the division of load between the batteries 
and machines at tbe desired ratio. 
Instead of exciting the boosters directly from the line, a 
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separate exciter Diunnted on the sliaft of the motor-booBter 
set, or driven b,v a separate motor, ma.v be emplo.red. The ex- 
citer field consists of two differential windings, one sbnnt 
winding aoppiied at a constant voltage, usnally from the sta- 
tion voltage, and one series winding included in the circuit to 
be regulated. The exciter armature ie connected to the booster 
field through a rheostat. The booster excitation will therefore 
vary with that of the series field coila of the exciter. This 
type of booster is called " exciter booster." 

When the load fluctuations must be kept within certain 
small limits an arrangement is used which magnifies the In- 




Fio. 38.— Bingramnf Connections of a llooflter Willi ('ounWre.m.f, Generator. 



fluence of the variations on the booster. The auxiliary equip- 
ment for this purpose consists of what is termed a '■ counter 
e.m.f. generator." Fig. 23 shows the connections of this type 
of machine with the booster and batteries. The operation is 
based upon the fact that the counter e.m.f. generator is ex- 
cited by a series winding, F„ built in the main generator cir- 
cuit, and that the armature winding of this auxiliary machine 
is in series with the field winding of the booster and across the 
busbars, bnt opposing them in voltage. At a certain external 
load the e.m.f. of the auxiliary generator exactly balances 
that of the buses. Since the latter is constant, and since the 
counter e.m.f. is made to depend on the external load, the 
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booster voltage is inversely proportional to the output of the 
station. Adjuatable reaistances are inserted in the fleld circnit 
of the counter e.in.f. generator, which enable precise regula- 
tion of the batteries for different numbers and sizes of gen- 
erators and different average loads. The auxiliary generator 
is uBuallj mounted together with the booster or ia driven by a 
separate motor. 

In still another case the booster is excited by a separate ex- 
citer whose field is in series with the counter e.m,f. generator. 



]il^5 



The connections are shown in Fig. 24. This arrangement af- 
fords more sensitive regulation, and makes possible the use 
of a single counter e.m.f. generator for different sizes of 
boosters and batteries. This is the method .used by the Gould 
Storage Battery Company. 

In cases where the load is composed of a constant load from 
a lighting system, and a variable load from a traction system, 
a booster called a "constant-current booster" is employed. 
The fleld winding of the counter e.m.f. generator under-these 
conditions is in series with the battery feeder, while the arma- 
ture winding is so connected to the booster fleld that any tend- 
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ency to iact-ease or deerease the tiirrent in the battery feeder 
18 instantly opposed by a decreased or increased booster volt- 
age. The booster is inserted between the constant and variable 
loads, so that the latter is supplied eitUer by current through 
the booster or by this current augmented by the battery cur- 
rent. The current through the booster feeds either the 
variable load or the battery, according to the requirement of 
the feeders supplying the variable load. 



Fio. 3S,— CuboD Pile Regulator. 

The small and inexpensive shunt booster may be used for 
both charging and discharging regulation by inserting a car- 
bon pile regulator in the shunt winding of the booster. 

A carbon pile regulator is shown in Fig. 25, and the wiring 
diagram in Fig. 26. 

The carbon regulator consists of two or more sets of carbon 
disks [C] connected sometimes like a Wheatstone bridge where 
the shunt field winding of the booster takes the place of the 



DiQitized^yGOO^IC 



STORAGE ItATTERIES 



41 



galTanometer. There is a pivoted lever over the top of the 
piles, arranged so that by changing its position a different 
pressure is brought to bear on the various piles which causes 
their resistances to vary. The lever is moved by a solenoid- 
actnated iron core, whose solenoid is in series with the gen- 
erator circuit. A spring at the end of the lever opposes the 
action of the solenoid. At the required average load the pres- 




:p |c kpm 



Pio 26.— Ditigrnm of Coiinectioii of n Boosier C'onlrollei) by a Cnrbon Pile 

Iti'KHliilor. 

sure on both piles is the same. The ciidB of the «'arbon piles are 
connected to a group of battery cells whose middle point is 
joined in series with the booster field and to the movable arm 
on the carbon piles. When the pressure is the same on both 
piles, their resistances are equal, and there is no current in the 
shunt .winding F,. But when the current in the main circuit 
decreases or increases, one of the piles is compressed more than 
the other, and there is current through the booster field in one 
direction or another, which causes charging or discharging of 
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the battery. The pilea aii> aet for the required load by adjust- 
ing the spring at the end of the presanre arm. 

Instead of making the regulator regulate the booster field 
directly, an exciter may be' pat between tbem whose field is in- 
fluenced by the regulator. The advantage consists in the de- 
creased energy Iobb resalting from the use of the smaller sized 
machine. This type of regulator is made by the Electric Stor- 
age Battery Co. It ia moanted directly on the switchboard, 
with the carbon piles and spring in front, and the solenoid 
in back of the board. The solenoid ia in the busbar circuit. 
With the help of this regulator it is possible to adjust the 
Beositiveness of the charging side relative to that of the dis- 
charging side and vice versa. In central and sub-stations, for 
instance, it is sometimes desirable to utilize the overload 
capacities of engines, generators, converters, etc., bat as soon 
as the load drops under a certain limit, the battery comes 
into action. With these regulators, also, a zone of non-regnla- 
tion may be created, extending a certain percentage above and 
below the average load, whereas, for loads above and below 
this, regulation may be as perfect as possible. 

In the last three years, storage batteries have fonnd a new 
field of usefulness, which promises to become of great im- 
portance in the near fntare. This is as equalizer in a.c. sta- 
tions, or in a.c. services. 

For this purpose the batteries may be connected up as fol- 
lows: A number of small series transformers are built into 
the line to be regulated, whose secondary current is converted 
into direct current by means of a synchronous rotating rec- 
tifier. This direct current, which is proportioned to the watt- 
component of the alternating line current, excites the field of a 
counter e.m.f. generator, whose armature winding is in series 
with the booster field winding and which opposes the voltage 
of the d.c. buses. 

Pig. 27 is the diagram of connections. The battery current 
called for by the increased load on the line is made to supply 
the a.c. transmission line by meana of an inverted converter. 
When the external load decreases, the battery is chaif;ed 
through the converter. 

Another method is to ase the carbon regulator with its 
solenoid to the a.c. circuit. The batteries and boosters are 
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joioed to the d.e. feeders of a luotor-generator Bet composed of 
a synchroDoiiB motor and a d.o. generator. At low load the 
generator is used to charge the battery, and when the load 
rises over a certain amount the motor-generator is reversed 
and is fed hy the b«tterv. 

By nsing batteries in a.c. systems the speed of the machines, 
and henre the station voltage, are maintained constant. In a.c. 




F^s. 27. — Dlagrflm of Conneciion of a Htorage Bsitery 1q Alteniatlnii^.CurreDt 
System. 

lighting systems this r^ults in efficient voltage regulation. 
By taking up peak loads in this way, the station generating 
power is inci-eased. 

The rating of the battery is the amonnt of electricity de- 
livered at a certain rate measured in ampere-hours. The rat- 
ing of a cell varies according to the time and rate of discharge. 
A cell which has a rating of 100 per cent., for example, at 8 
hours dischai^ will have a rating of only 50 per cent, if dis- 
cha^ed in 1 hour. Batteries are usually rated on an 8-hour 



DiQitized^yGOOgle 



44 ELBCTUIV POWER PLANT ESGiyKERISO 

<li8cUarge bauis. For electric antomobiles the rate basis is 4 
honrs, and for railway sab-atatioue 1 hour. 

The following table gives the relative ratings, end voltages, 
and currcDt values of a cell for different rates of dischai^ : 
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CHAPTER VI 

THBSS-WIBE 8YSTEH 

The Bo-called three-wire s.vetem is used in electric Hghtin); 
and traction when it is desired to nse a current of higher volt- 
age with the aame e<iTiipment as ordinarily used with low 
voltageti. The principles underlying this system are as fol- 
lows: The potential difference between the two outside wires 
is higher than the normal service potential, being nanally twice 
as great as the latter. The lamps and motors are, however, 
connected between one of the outside wires and the loner 
wire, called the neutral. The potential between the outer wires 
and the neutral is equal to the normal service tension. In 
traction Ber>'ice it is usual to employ the track as the neutral. 
In this case the saving in copper is comparatively small. The 
ratio of copper weight for a double track 5000 feet long, using 
500 volts, to the same track using 1000 volts, three-wire sys- 
tem, is as 13 is to 11. In lighting systems the saving in cop- 
per is mnch greater, amounting to from 62.5 per cent, to 69 
per cent. It admits of the use of both 220-volt and 110-volt 
apparatus on the circuits. The three-wire system can be built 
up in different ways : 

1. Two generators (Edison three-wire system). 

2. One generator with compensator. 

3. One generator with balancer set. 
i. One synchronous converter. 

1. The Edison system is based on two generators connected 
in series. The two outer terminals are connected to the 
Itositive and negative busbars, while the two inner ones are 
connected to each other and to the neutral bus. The awiteh- 
ing diagram is shown in Fig. 28. The fields of both generators 
are controlled separately and the voltage of both sides can be 
adjusted at will, or the generator <'an be compounded to give 
a high voltage on one side, where such increase of voltage is 
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desirable to overcome the effects of onbalaQciug. With this 
arrangLment a large amount of power can be delivered to either 
side of the system and the extreme degrees of Qubalancing can 
be handled for a short time without disturbance of the lamp 
voltage. The neutral wire is positive or negative with respect 
to the true neutral, according as the load is greater on the 
negative or positive side respectively. The diagram shows the 
connections of one three-wire feeder, one 220-volt and two 110- 
volt feeders. With installations of two or more pairs of ma- 
chines, two equalizer buses are required, one each for the n^a- 
tive and positive sides of the machines. The disadvantage of 
this system lies in the higher cost of two generators and their 



Fio. 38. — VViring Diagrtim of iiii Edi^n Three-Wire System. 

lower eflBciency, hh i-oinpai'ed to a single generator of equal 
capacity and higher e.m.f. 

2, One three-wire generator with compensator. The gen- 
erator is compound wound, with two series windint;s, and one 
shunt field winding. The two series windings are necessary in 
order to secure with unbalanced loads a compounding ap- 
proximating that of balanced loads. On the side opposite the 
d.c. brushes, one or two pairs of collector rings are fastened 
on the shaft; these are joined. to two or four points of the 
armatnre winding respectively 180° or 90° apart. The col- 
lector rings are connected with a compensator, from whose 
middle point a wire leads to the neutral. (See Fig. 29.t The 
action of the machine is as follows: Wi'th balanced load there 
will be only the exciting current through the compensators, 
which are simply auto-tvansformers. This exciting current is 
alternating as Ihe relative potential of the taps to the armature 
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a from poBitive to negative. With an unbalanced load, 
for example, there being a greater load on the positive than on 
the negative side, the ezcesa current will return by the neutral 
Tire, and divide in the aato-transfonner, returning to the arma- 
ture through the collector rings. A circuit breaker and an 
ammeter are installed on either side of the machine. It is ad- 
visable to mount the former near the generators, for in this 
installation thev are closed and tripped electrically from tbe 
main svitchboard. The equalizer switches can also be mounted 
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Fia. 20.— Wiring DiAgnm of %. Tliree-Wlre Dlrect-Cuirent Oenentor. 

near the machine. Snch an arrangement affords a saving in 
copper. The machine is started as follows : 

1. Close the equalizing switches. 

2. Close the main switches on the switchboard. 

3. Adjust the voltage and close the circuit breakers by 

means of the control switches on tbe switchboard. 
3. Generator with balancer set. For a system which re- 
quires more energy than can economically be furnished by the 
' Edison system, one generator of normal e.m.f. eqnal to that 
between tbe positive and negative busbars is used in connection 
with two motors, which are connected to each other in series, 
and to the buses in multiple. The connections are shown 
diagrammatically in Fig. 30. The neutral wire is connected with 
the common terminal to both motors. When the system is bal* 
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anced the set operates as two tuutors, and as motor-generatops 
when the system is unbatanced. The neutral current is un- 
equally divided between the two machines. 

" If there is an ezcese load on the poBltive side of the system, 
the e.m.f. between the positive and neutral will be leas than 
between neutral and negative. The negative balancer will tend 
to speed up and will drive the other as a generator. The un- 
balanced current will divide, part going to the motor balancer 
to afford the power to send the rest throagh the generator 
balancer back to the line. The series winding of the former 
tends to weaken the field and increase the speed, while that of 
tbe latter assists the shunt winding and raises the voltage 




Fifl. 30— WiriuK Diagrum of a Three- Wire S;a(em with BalsDCer Seta. 

across the generator. If tbe excess load be on the negative 
side, the positive balancer becomes the motor, the negative 
balancer, tlip generator. It is evident that these machines do 
not add any jiower to the system, but serve on^j to balance the 
load on the two sides." ' 

Each balancer should have a capacity eqnal to one-half tbe 
maximum unbalanced load that is considered probable to 
occur. Both machines can be inde|icndently adjusted so as 
to give any desired division of voltnge between the sides, and 
each of the machines can ho compounded in such a manner 
that it will compensate for iiirqnalities nf line losses and 

iiviicliboiinl Deiiga," Eteetrie 
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ualui'iil drop, wben llie sv»teiii becomes unbalanced. Tbe 
shunt windings of both machines are connected in series, and 
the middle point is joined to the neutral. The generator and 
the motors each possess a circuit breaker and the neceasarjc 
main switches. Fuses can be used to replace the circuit break- 
ers of the motors. Both motors are started by means of a start- 
ing rheostat. The method of procedure is as follows : In the 
first place the generator is started in the usual way, and is 
thrown on the busbars. Then both machines are started to- 
gether as motors by means of the starting rheostat. When 
both have reached normal speed, the connection to the neutral 
is closed, which also throws the shunt windings on to tbe 
neutral. Care should be taken not to connect the shnnt wind- 
ings to the neutral when starting. To protect the lamps, etc., 
against short-circuiting on one side or in case of accidental 
disconnection of the balancer set, tbe circuit breaker of the 
generator is tripped by a differential relay. This relay will 
trip tbe circuit breaker in the event of an abnormal rise of 
potential on either side of the system. 

4. Another method of supplying the neutral current is to 
operate a small synchronous converter as a direct -current motor 
from the outside conductors, the neutral being connected to 
the middle point of the compensator operated from tbe col- 
lector rings of the converter. The converter replaces the 
balancer set. 

Where synchronous converters are used to supply a three- 
wire system, the neutral can be taken either from a commou 
connection of the transformer secondaries, or from a com- 
pensator connected to the alternating leads. 
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FEEDEB FADlBIiS 

Up to this point we have treated only the methods of gen- 
erating d.c., and the standard panels controlling the output. 
Generators, converters, or storage batteries rau l>e used to pro- 
duce current either independently, in groups composed of like 
machines, or in mixed groups. This depends upon the number 
and size of the units and the size and character of the load. 
We are here concerned with the methods of feeding and the 
control systems for consumptions of different characters. 

Fig. 31 shows switchboard wiring diagrams for d.c. feeder 
panels for railway service. The positive bus mentioned in 
former chapters, mounted on the back of the board, is identical 
with tbe one here shown. In Fig. 4 the positive bus is mounted 
on the machine, and therefore requires a special cable to con- 
nect it with the positive bus on the feeder panel. Three kinds 
of feeder panels are shown. Fig 31-A is a panel controlling 
one feeder and hence is equipped with one circuit breaker, one 
ammeter with shunt, one kicking coil as ligbtning protector, 
and one lever switch. Fig. 31-C is a panel controlling two 
feeders. Tbe equipment is tbe same as in Fig. 31-A, with tbe 
exception that there are two lever switches in place of one. 
Fig. 31-B is for two feeders with a double equipment of am- 
meters, kicking coils, and main switches. A modification of 
Fig. 31-B has only one ammeter, which is common to both lines. 
In all three cases when the feeders leave tbe station overhead, 
the instruments are protected by lightning-arrestprs. Fig. 32 
shows front views of tbe three main types of panels and a rear 
view of Fig. 31-B. The same conditions which applied to panel 
mounting, busbars, and instrument connections for generator 
panels, also apply liei-e. We thus have feeder panels where 
both positive and negative cables are supplied with energy 
from the board, corresponding to generator panels with Iwth 
busbars mounted on the Imard. Such panels are generally used 

50 
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for vullattcx ul' Ti-uui 12^ to 2^ [or ligbtiug purpuses and power 
disti'ibutiou. Each panel uontruls two, tbree, or four seta of 
outgoing feeders, and is supplied with the requisite number of 
circuit breakers and double-pole lever switchee. Beeidee the 
above-mentioned instruments an ammeter may be supplied for 
each feeder set, and the voltage of all the feeders may be indi- 




Tia. Si.— Two-Wire Feeder Panels wlili Puma far 125 and 250 Volts. 

cated by a single voltmeter. (See Fig. 33.) Fuses can be used 
for feeders of smaller capacity in place of circuit breakers, to 
insure against over-load. In this case each panel is capable 
of controlling a larger number of feeders. The fuses are 
mounted either on the front of the panel with the lerer 
switches (see Fig. 34) or on separate slate bases on the panel 
rear. 
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DIBB(7F-OtrBBBHT H0T0B8 

Tbb amonot and dietribution of the enei^ as Hupplied to 
the line by the central or eub-stations, are controlled from the 
feeder panels. (See Chapter VII.) The consumption of 
energ}' by the individnal cuBtomers is regulated at the various 
places of delivery. For lighting installations, lever switches 
vith fuses are employed, which are mounted in groups on 
cabinet panels. One large doable or three-pole lever switch 
controls the mains, while one or more rows of small double or 
three-pole switches control the individual lamp circuits. The 
control for traction systems is much more complicated. This 
is due to the fact that starting, change of speed, direction, 
grade, and load, as well as operation of numbers of portable 
motors, require a very involved switching arrangement. The 
regulation is accomplished by the controller in the hands of 
the motorman on the car. It is not the province of this book 
to give a detailed account of switching arrangements for elec- 
tric cars or locomotives, as we here treat only of stationary ar- 
rangements or such as may be considered stationary in service, 
for example, portable sub-stations. When electrical enei^ is 
required to drive a stationary motor, a special switching ar- 
rangement is necessary. This is mounted on a panel near the 
machine. Fig. 36 is a wiring diagram of such a panel, with 
views of the board (General Electric Company) . The negative 
side of the shunt field winding is connected on the line side of 
the starting rheostat to give a maximum field current on the 
motor when starting. By tripping the circuit breaker the field 
circuit is discharged through the armature of the motor. The 
low voltage coil of the starting rheostat switch serves the pur- 
pose of opening the motor circuit when the source of power is 
Intermpted. The starting rheostat switch arm is not released 
by the low voltage coil until after the field is sufficiently dissi- 
pated, w> that destructive arcing will not occur on the switch. 
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When the motor is shut down a epring throws the arms of the 
switch back to the starting position. The spring also prevents 
the switch ann from remaining on an intermediate starting 
point which might,resu1t in the burning out of the starting rheo- 
stat. This switching arrangement is used for constant or ad- 
justable speed motors, from 3 to 15 hp. 126 volts, or for from 3 
to 50 hp. 550 volts. The speed of the adjustable speed motors 
is regolated by means of a field rheostat shown dotted on the 
diagram. In place of an ammeter with shnat, a current indi- 
cator in series with the circuit can be used wherever minute 
precision of measurement is not required. Another group of 
panels comprises those controlling variable speed motors con- 
nected to a three-wire circuit, which range in capacity from 
2.5 hp. to 20 hp. 125 to 250 volts. The speed of the motors 
when used with panels shown in Fig. 36 may be increased 400 
per cent, above the low speed of the motor. The machine is 
connected to the 123-volt or the 150-volt of the three-wire cir- 
cuits by a single-pole, double-throw lever switch. The shunt 
field winding is always connected to the 250-voIt circuit, 'ihe 
field and direction of rotation can be reversed by a double-pole, 
donble-throw switch. However, as long as the motor is In 
motion, this switch shonld not be opened. Speed variation 
is regulated by the field rheostat, which, like the starting rheo- 
stat, is mounted on the board. In n modification of this 
group, the ammeter is replaced by a current indicator. A third 
group of panels includes those controlling small motora np 
to 5 hp. 125 voItH. in hp. 2.10 volts, and 15 hp. 550 volts. These 
are constant-speed motors, and are protected against over- 
load by fuses in place of circuit breakers. The panel may be 
mounted in any convenient place on account of the simplicity 
of its parts. Frame supports are shown in Figs. 36 and 36. 
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OIBBCT-CUIlBEirT CZBCUIT BBBAKXB8 

We have aBsmued that the user of thia book is familiar with 
the coDstruction and handling of measuring instruments and 
the simple forms of lever switches. We therefore treat only of 
the i-onBtruction and operation of instruments which embody 
special features of modern switchboard arrangement. One of 
the most imiwrtant pieces of apparatus included under this 
class is the circuit breaker. This term applies to all devices 
which automatically interrupt the circuit under special con- 
ditions. These conditions are twofold. They depend either on 
the variation in electrical energy flowing through the circuit 
breaker or on certain conditions of the machines in circuit, 
which in turn may produce or be a result of the first. Ex- 
amples of the first condition are short-circuit, grounding, over- 
load, underload, low voltage, current reversal, and phase re- 
versal with a.c. Running away of an inverted converter is an 
example of the second condition. In this chapter we will 
treat only direct-current circuit breakers, which differ ma- 
terially from those generally used for a.c. The main function 
of a circuit breaker is to interrupt current rapidly and at the 
required instant, without injury to itself. When the circuit 
breaker opens, an arc is formed which keeps up the circuit and 
is damaging to the apparatus. Devices must therefore be pro- 
vided to suppress the arc, to divert it from tbe main con- 
tacts, or to blow it out at the instant of formation. The Gen- 
eral Electric Company circuit breaker, type C, form K (Fig. 
37), is BO designed that the arc is diverted to secondary con- 
tacts, on top of the breaker, where it is finally broken, thus 
protecting the main contacts from injury by burning. The 
auxiliary contacts have carbon tips which are easily renewed. 
This apparatus is used for heavy service and special railway 
work. It is made in two styles, one for circuits up to 250 
volts, and from 800 to 6000 amp., and one for circuits up to 
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GuO volts, aud from tSOil to 10,00(1 auip. Tlie aiaiu contacts 
are bridged b.v a iaaiinated copper brush, which U pressed 
against tlie contacts b.v a toggle joint. The opening is ac- 
compliBhed through the a<'tion of a horseshoe magnet placed 
aronnd the lower contart stnd. A swinging armature on the 
magnet releases a catch on its upward motion, thus permitting 
the breaker to open. A flat spring and the weight of the 



brushes which are pressed against the contacts, throw the 
breakers open. 

The principle upon which the tripping of a type C circuit 
breaker of the Westinghouse Company is based is the lifting of 
a weight against gravity, by the magnetic pull produced by an 
electric current. The circuit breaker can be adjusted to oper- 
ate for different current strengths by moving the weight along 
a gradnated scale beam. This adjustment is possible, ttecnuse 
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for every dteplacement of the weight, a correepuudiug mag- 
netic pull is required, which is produced by different values of 
the main current. The laminated contact bridge ia similar to 
that of the General Electric Company breaher described above. 
When the breaker opens the current is gradually shifted 
through the copper shunts to the carbon contacts, and thus no 



Pio. 33.— Typu M, Fcirtii K,. Magnetic Blow-Out Circuit Breaker 

(Geufml Electric Co.). 

arc \» formed until the final bi'eak takes place between the 
carbon contacts at the top. Since the arc is blown out in an 
upward direction, it is advisable to mount the breakers near 
the top of the switchboard, in order to protect other inatru- 
mentn against damage. Tlieise breakers are manufactured by 
the Westinghouse Company for d-c, as well as for a,c. use. 
They are built single, double, or triple-pole, separated from 
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Fia. 89,— Coniieciloii of Sbum Trip Coil Willi vaA \\iiboiii 
Circuit Oponiiig Anxiliiiry Snilcii. 
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each other by marble barriers, and are tripped independently 
by automatic tripping coilB. By means of Bpecial devicee the 
tripping coils can be interlocked in such a way that the circuit 
breakers are closed and opened together, or that the closing 
is independent and the opening simnltaneons. For these break- 
ers, the service voltage shoTild not exceed 750. Fig. 38 shows a 
General Electric Company circuit breaker, type M, where the 
arc is blown out at the instant of formation, by means of a 
magnetic field. This type is recommended for use with gen- 
erator or feeder panels connected to circuits where violent 
overloads are frequent. The secondary contacts and the coil 
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Pis. 40 —Connection for Interlocking Two Circuit Breakera by 
Heana of Sliunt Trips and Auxtliury Switches. 

of the blow-out magnet are in parallel with the main con- 
tacts. Owing to the comparatiTely high resistance of the sec- 
ondary contacts there is practically no current through them 
nntil main contacts open. Then the whole current is shifted to 
the magnet coils, and the strong magnetic field extinguishes the 
arc as soon as it is formed on the secondary contact. The 
secondary contacts and coil are inclosed in a fiber box over 
tbe main contacts. The laminated copper contact bridge is 
pressed against the main contacts by a toggle joint. The trip- 
ping is accomplished by means of a horseshoe magnet, which 
encircles one of the main studs on the rear of the panel. Its 
action i» similar to that of the breaker first described. When 
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the breaker is released by the arniatui-e of the magnet, the 
bridge is thrown open b; the action of a spiral spring and its 
own weight. This type is adapted to 650 volts and from 3000 
to 10,000 amp. Several other forms of breakers of the types 
mentioned are on the market, corresponding in their con- 
struction to the various requirements of currant, voltage, and 
character of service. In most of these forms the tripping coil 
is in series with the line which is to be protected. All of the 
breakers are constructed so as to interrupt overload. Through 
additional devices they may be tripped also at low load, or low 
tension. Tliey can also be operated by push button from any 










Fio. 41— Coimecliou fur Interlockiug Two Circuit Breakers by 
He&DS of Low- Voltage Kckaaee ntid Auxiliarjr Sniicbes. 

given place, or they may be tripped together. Pigs. 13 and 14 
show the switching arrangements for the low-voltage release 
of the breaker connected with the speed limiter of an inverted 
converter. Its object is to trip the circuit breaker when the 
line voltage drops to 50 per cent or less of the normal pres- 
sure. It also performs the function of a shunt trip when used 
in conjunction with a push button, auxiliary switch, or speed- 
limiting device. Fig. 39 shows the diagram of a shunt trip 
with and without circuit-opening auxiliary switch. It can be 
operated by means of a push button from any desired point. 
At the moment of o[)ening of the circuit breaker, the auxiliary 
switch opens the shunt circuit. Closing auxiliary switches are 
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ulso constructed, built on tbe same lines as opening auxiliary 
switches. They are used for closing tell-tales or signal lamp 
circuits at the instant of main current interruption. (See 
Figs. 1, 5, 13, and 14.) Circuit closing and opening auxiliary 
switches are employed when two or more breakers are 
interlocked, these being used for simultaneous operation. (See 




Pio, 42.— Motor 0|»eral(!d Circuit Breakera. 

Fig. 40.) At the moment of tripping of the circuit breaker, 
tbe auxiliary switch interrupts the circuit of its own shunt 
coil, but closes that of the second circuit breaker, thus causing 
the circuit breaker to be tripped. Fig. 41 is a similar diagram 
of two interlocked circuit breakers with the use of circuit-clos- 
ing auxiliary switches and low voltage coils. 
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The line is protected against cun-ent reversal by a reverse 
cnrrent relay in the breaker. These relays are especially neces- 
sary when storage batteries snpply the line in conjunction with 
a motor-generator set, or synchronous converter. They prevent 
the batteries from delivering enet^ back into the motor-gen- 
erator set or converter in case of disturbance on the high- 
tension side. This type of relay consists of a horseshoe magnet 
encircling one of the contacts of the circuit breaker. A mov- 
able armature connected to the busbars is inserted between the 
poles of the magnet. With normal current direction the arma- 
ture will move in one direction. A stop is provided to prevent 
movement beyond a certain point. By reversal of current the 
armature revolves in the opposite direction, which closes the 
shunt-winding circuit, thus tripping the breaker. For large 
currents, electrically operated, circuit breakers are nsed. In 
the Westinghouse apparatus, two coils are provided in con- 
nection with a plunger, one for opening and one for closing. 
The General Electric Company employs a solenoid or a re- 
versible electric motor to operate the breaker. Fig. 42 shows 
the arrangements for two circuit breakers for 4000 amps, 
operated by an electric motor. Both breakers are connected in 
series with each other, and with a single-pole, double-throw 
switch. . The opening and closing are simultaneous. The 
double-throw switch is operated by the same motor, and is shut 
down only after closing of the circuit breaker, so that in case 
the feeder ie closed on a short-circuit the breaker can im- 
mediately open. The arrangement described is that used by 
the New York Central Railroad Company in their circuit 
breaker sab-statlons. 
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CHAPTER X 

DIBECT-CnBBBHT STATIONB 

Wb will Bfle this term to include only those directcnrrent 
plants where natural or derived mechanical energy is converted 
into electrical energj-. Converter stations do not come under 
this heading, inasmuch as they interconrert the different 
forms of electrical energy only. Direct-current stations are 
constructed to furnish energy for traction, for stationary 
motors, for lighting Bystems, and for chemical or metal- 
lurgical purposes. Plants for power and lighting are often 
built in one, while traction plants may also be used for differ- 
ent classes of work. Direct-current stations are not used for 
high-tension transmission systems in this country. European 
exceptions to this rule are the Thury d.c. transmission systems, 
for example, St. Maurice-Lausanne operating at 27,000 volts, 
and Mountier-Lyon at 57,600 volts. 



Direct-current central stations for from 550 to 650 service 
voltage are profitable only when the traction system is con- 
fined to a small area, and when it is possible to locate the 
power house at or near the load center. The reason for this is 
. found in the fact that for larger systems the cost of copper for 
feeders materially increases the first cost, thus niiiking the in 
vestment unprofitable. We therefore see that 600-volt d.o. 
stations are limited to smalt street railway" systems or fn 
isolated traction systems for industrial purposes. When a 
system has outgrown the area for which the plant was orig- 
inally designed, independent plants may be added to supply the 
different sections. The choice between adding independent 
stations or changing the method of supply to another system 
depends upon conditions. 

When the service voltage is doubled (say to 1200 volts), the 
economic limit of operation is correspondingly increased. 
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After the characteriatice of the itropotted Hue ai-e knowo such 
aa length, direction, curvature, and grade, the next dutj' of the 
engineer consists In determining the average load in different 
sections of the line, from known data aa to Bize, occupatiou, 
and shifting of the population of the adjacent territory. From 
these points he is enabled to fix upon the load center of the 
average load. Since the load center determines the minimum 
weight of copper necessary for feeders, the advantage of locat- 
ing the power house at this point is evident. Value of real 
estate, proximity of water and coal supply, and methods of 
feeder installation must naturally he taken into considera- 
tion. The feeder system is calculated and distributed after 
the maximum load of different parts of the line or the load 
variation per day and per season have been determined. All of 
these calculatious and estimates serve to fix the number and 
size of the power uuits in the central station. The location of 
the power house is often predetermined by the proximity of 
water power to the system. Other soun-es of power must often 
be added to that afforded by water power in order to meet the, 
requirements of the service. The size of the building is com- 
pletely determined by the number and size of the generators, 
by the choice of motive power, and by the estimated expansion 
necesstiry in future time. The portion of the building with 
which we are concerned is that part which is reserved for the 
installation of generators, auxiliary electric machines, switch- 
boards, and cables. In practice, the electrical engineer must 
work hand in hand with the mechanical and civil engineers 
and architect. In d.c. central stations the switchboard, which 
is generally a direct-control board, is located in a place whence 
the operator can easily overlook all the machines. It is there- 
fore placed in a gallery at one end, or along one of the main 
walls of the machine room. 



HIGil-TENSlOX TB.iCTION 

The re<-ent tendency has been to increase the service voltage. 
This tendency is advocated by Mr. Frank J. Spragne (8tr. R. 
J., T>e<: '2Z, 1905), Mr. Hobart iElectiical Review, London, 
Vol. 40), and Dr. Louis Bell (■' Power Distribution for Electric 
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Itiiilways "). The following {laragraplis Hum up the argumeotti 
in favor of the high-teoBion current brought forth by the 
above-mentioned engineers : 

One of the most important factors in the investment and 
cost of operation for an electric traction sTstem is the value of 
copper in the feeders and trolley wires and the drop in voltage 
dtie to their resistance. With a given service voltage, aa for 
instance, 550, a certain drop in the line and a corresponding 
minimum cross section of feeders is permissible. Any ex- 
tension of the service area or load will cause an increase of 
drop in voltage, which mnst be compensated for by allowing a 
larger cross section of feeders, or hy the use of additional feeil- 
ePB. This increase in copper weight can be avoided by in- 
creasing the service voltage, thus decreasing the current. 

The weight of copper varies inversely as the square of the 
voltage. That is, if we double the voltage from 600 to 1000, a 
line four times as long can be supplied, using the same amount 
of copper, and allowing the same per cent. drop. The actual 
results are slightly better even than these figures indicate, 
since the track return gets relatively better and better as the 
voltage rises and the current diminishes. A larger percentage 
can therefore be allowed for the copper line drop. This mat- 
ter is of even greater Importance for a.c. central stations and 
d.c. sub-stations. (Bee Chapter XXV.) For voltages between 
750 and 1000 the construction of generators of less than 1000 
kw. rating is entirely feasible. If the cost of one large 
machine should be too great, this machine may be 
replaced by two smaller ones of lower voltage con- 
nected in series, or by two synchronous converters. The 
increased voltage may also be obtained by making use of a 
booster, as will be explained later. The motors used for this 
system are also easy to construct, a 650-volt machine is guaran- 
teed for t50 volts. The motors used for the Berlin Elevated 
System, and for the Interurban Railway of Zweisimmen-Mon- 
treanx, are built for 800-850 volts, but are actually wound 
for 1000 volts. By a series-multiple connection, motors for 
500-600 volts can be used in 1000-1200- volt circuits. There 
are seven railway systems in the United States which now 
employ or contemplate employing a direct e.m.f. of 1200 
volts. 
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LIGHTING SYBTEH» 

The economic coDBiderationa involved in this claae of plants 
are similar to those discussed under traction Byetems. Bmall 
system d.c. Btationa are built at the load centers. They are 
often called upon to supply energy- for motors, for which par- 
pose separate machines are sometimes used. If the number of 
unite for various purposes is increased above a certain point, 
the efficiency of the station will become lesa than would have 
been the case had the small generators been replaced by a few 
lar^e a.c. machines used in conjunction with converters. The 
most common case where d.c. is used for lighting is that of 
isolated plants, for office buildings, theaters, hotels, etc. Such 
plants are of the most economical form, because they are 
located near the receiving apparatus, and the cost of wiring is 
therefore reduced to a minimum. Besides supplying energy 
for the lighting system, the plant also supplies energy for ele- 
vators, fans, and other light machinery. The predominating 
system for light and power distribution is the three-wire sys- 
tem. Where higher voltage for certain purposes is not obtain- 
able with this system, separate units must be used, as men- 
tioned abover 
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CHAPTER XI 
T7PICAI. BI^OTBIC POWEEt STATIOITS 

MEMPHIS BTBEGT BAILWAY COMPANY (TENNESSEE) 

The power house is an old building with an anoex of modern 
construttion. In this annex is installed a 2000 kw. G. E. gen- 
erator, driven by an Allis-Cbalmers vertical two-cylinder, cross- 
compound engine of 3000 hp. Fig. 43 shows a load curve of the 
system, for January 27, 1908. Plans have been made for a 
further extension to accommodate a second generator of the 
same type and foundations for a third. Fig. 44 is a plan of the 
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Fio. 43.— Load Curve of the Hempbls Street RaUva; Compuif'a Power 
Roiue. 

fouDcIations of the three engines on whose shafts the gen- 
erators are mounted. The right wall is that of the old power 
honse, which commuDicates with the annex by only one door. 
The plan shows the cable distrlbntion. The positive cables 
lead from the foundations of the machine where they are in- 
closed in the ducts, under the engine-room floor, and to the 
front wall, whence they pass between the windows up to the 
svitcbboard gallery. The plan indicates the cable disposition 
for possible fourth and fifth generators. The negative and 
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equalizer bnees are condaeted in tile tubes through the foanda- 
tioQB and are connected b; means of cables with their proper 
switches, which are in turn connected with the terminals of 
the machine by cables running through the foundations. Figs. 
44 and 45 also show the manner of conducting the feeders from 
the main building into the underground passage which runs 
along the main wall. The feeders are supported on racks in 
three rows, one on the main wall and two rows on either side 
of a pipe support in the center of the passage. At the end of 
the passage the feeders pass through the ceiling to the over- 
head transmission line. A number of ducts are butlt into the 
end of the passageway, to be used in case it is desired to ex- 
tend the feeders underground instead of overhead. Figs. 46 
and 47 show front, rear, and side views of the switchboard 
and the wiring diagram of the station. The positive bus of 
the generators is mounted on the board, and the machines are 
equalized ou the negative side. A general output ammeter, a 
recording wattmeter, and a watt-hour meter are connected 
with the main bus between the generator and feeder connec- 
tions. A motor booster set is connected to the buses, whose 
functions are as follows: 

In traction systems the service area sometimes expands to 
snch an extent that there is a considerable voltage loss at the 
extreme points. This is also the case in systems where at 
certain points the load rises to an excessive degree. In order 
to overcome this difficulty, the cross section of the feeder con- 
ductors to these points must be increased, so that the voltage 
drop may be kept under a certain maximum. Keveral such 
feeders of lai^ cross sertiou and increased weiffht are suf- 
ficient to add materially to the necessary investment. One of 
the methods of diminishing the cost due to this source is to in- 
crease the initial pressure of the feeder In ((uestion to such a 
point that the resultant voltage will at nil times be above the 
required minimum. The voltage of the generator itself can be 
raised only to a limited value by means of over-compounding 
the machine. If this value is exceeded the higher voltage at 
other parts of the system, as. for instance, near the station, 
becomes a serious disadvantage. Over-compounding the gen- 
erator also causes increase in cost. In cases where the 
probable growth of the system can be estimated, a.c. plants 
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with coDverterH are often recommendable. However, we have 
another means at oar disposal for raising the voltage of the 




Fia. 4Sa.— Sectlou through Switchboard Qftllcry (Hempbb Street Ballinr 
CompaDj). 

system at certain points, or in the whole line, and this is the 
application of the booster. 

Pig. 48 shows a inmster in wries with the main clrcalt. The 
case taken is that of a generator feeding only one main at an 
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e.va.(. of 550 voltB. Tbe booster voltage is aaeumed at 200, 
and the current at 50*i amp., ho tUat tbe combined voltage 
amounts to 750. Sime the initial voltage is 750 a loss of 300 
may be allowed on the hue. Tbe reduction in cross section of 
the feeder thus made possible is coneiderable when compared 
with the cross section necessary with an initial voltage of 550, 
and"an allowable drop of 150 volts. This method of allowing 
the booster to feed directly into the line is economical only 
when used about three hours per day of service at full load. It 
is therefore well suited to help over the time of unusuallj 
heavy traffic. For, although the initial coat of the booster, 
which is generally driven by a motor or other mechanical 
power, is small when compared with the saving in copper, its 
operation for a larger i)eriod than three hours at full load is 
nevertheless very expenRive and uneconomical on account of 
tbe enei^' lost in the line. This machine is used to its best 
advantage for the independent operation of the special feeders 
requireil, not including the entire system. This is the case as- 
sumed in Figs. 46 and 47, The booster, which is driven by a 
d.c. motor, is connected through double-throw switches with 
five feeders, thus making it possible to feed these cables with 
either the normal voltage of 000 from the main bus, or the 
higher voltage from the booster bus. The side and tbe rear 
views of the switchlK)ard Bhow the busbar connections and 
mountings. The four cables of 1,500,000 cir. mils each for 
each generator, are run uji the wait to the gallery floor, where 
they are laid in brick partitioned channels. (Fig. 40.) They 
are then connectetl to the watt -hour meters mounted on 
separate slate slabs in back of the board. From the watt-hour 
meters they lead back under the floor to the main switch on 
the generator panel. The three spaces between the main wall, 
watt-hour meter panels, main switchboard, and gallery edge 
are kept to a minimum in order to keep down the width of the 
gallery, but are nevertheless wide enough to admit a safe 
access to all parts. Tbe switchboard stands on a wooden block 
I in, above the floor. The channels for tbe generator and feeder 
cables are covered with concrete slabs. The positive bus is 
composed of copper bars 10 in. by 0.25 in., tbe number of 
which decreases with the increase in distance from the gen- 
erator panels, since the amount of feeding decreases as we 
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recede from the panels. Note the ei>e('ial coDBtmction of the 
gallery floor, which iB lowered in back of the board on account 
of the placing of the cables. The construction ia reinforced 
conci-ete resting on 8 in. I-beams, four feet center to center, 
mnQing perpendicular to the main wall. These I-beams are 
fastened on one side to tbe crane columns by means of chan- 
nels, and at the other ends to longitudinal I-beams supported 
by indei>endent columns. The space between the channels and 
the masonry atfords a passage for the cables leading to the 
gallery Hoor. The feeder and positive generator cables are 




Pig. 46 1.— Hwilcliboard, Front Vfi-W (Memphis Slroit ItailwiiT). 



lead covei-ed, and are therefoi-e fastened directly to the wall. 
All the feeders are 1,000,000 eir. mils for each panel. The 
n^ative and equalizer cables are double braided. All the out- 
going feeders lead to the above-mentioned undert;round pas- 
sageway through ducts built into the concrete foundation of 
tbe wall. The passageway communicates with the basement of 
the engine room by a door towards the end of the passage. 
The field rheostats are mounted under the floor of the gallery, 
and are easily operated from their respective boards. Tbe 
negative bus is made up of 5 in. by 0.2') in. uninsulated copper 
bars. The equalizer bus is of similar dimensions, bnt is 
wrapped with insulation. The method of mounting these two 
buses between the foundations of the units is shown in 
Fig. 50. 
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I.VDIANAPOHS AM) I^UISVILLE TRACTION COMl'ANV 

(Abstracted from Electric Railway Rcvietc, Nov. :J0, 1907) 

The flrat 1200-volt interurban railway in tlie Uoited States 
began operation on November (>, 1907, between Keyiuonr and 
Hellerebarg, Ind., 41 miles apart. The central station is 
located near the center of tbe line. The trolley wire of Ko. 
. 0000 copper wire is fed by feeder cables running 17 miles in 
each direction from the station. They are made up as follows: 

10 miles of 500,000 cir. mils. 
30 •' 800,000 
i ■• 811.000 

The electric energy is generated by two units. Each unit con- 



Pia. 48.— Diagram of Booster ConnectioDi- 

sititti of two generators driven by an engine. The generators 
for each unit comprise two 600-volt General Electric multipolar 
(^ype M. P.) units with at-matures, mounted commutator to 
commutator on the engine shaft. Fig. 51 indicates the switch- 
ing arrangements for both generators of one unit. Their arma- 
ture coils and series field coila are connected in series as though 
for one generator. The shunt field for each machine is con- 
nected across a circuit having 600 volts difference of potential. 
Each of these ^00 kw. machiQes is compound wound, having a 
flat output curve. The switchboard for controlling the output 
of the two 1200-volt generating units comprises two machine 
and two feeder panels with two 1500-volt voltmeters on swing- 
ing brackets, and a watt-hour meter on each machine panel. 
For use in the nearby repair shop, and for lighting the power 
house, 600 volts are obtained by connection between the two 
machines of one unit. The absence of Kub-stations sucb as are 
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neceeeary with a.c. generating statioos and of high-tension 
feeders is an advantage of this sjstem. 



Jf'pet earrjing 
e^aa/ix0r * neg. 

s'dia -fH-T ^^iiati. 
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Supports 



Fia. SO.— Method of Supporting NegatiTe and Equalizer Busbftn 
Between Engine Foundalions. 



PiQ. St.— Indianapolis ntid Louigvillc 1300- Volt Railivay ; Method of 
Connection of Two 600- Volt Qenerators, 



LIOUTINO BWITCHBOABD 



Figs. 52 and 53 show a combined system where an inde- 
pendent generator delivers a 600-volt direct current, and an in- 
dependent three-wiro system is used for lighting pnrposes. 
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necessary with a.c. generating stations and of high-tetisloD 
feeders is an advantage of this system. 
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Supports 
* apart 



Fia. 00.— Hetbod of Supporting Negative and Equslizi 
BetnecD Engine Fonndationa. 



Fie. 51.— Indinnnpolie nnd LouisTillc 1200- Volt Railmuy : Metliod of 
ConnectioD of Two eOO-Volt Gcnerntora. 



LIGHTIKQ SWITCHBOABD 

Figs. 52 and 53 show a combined system where an inde- 
pendent generator deliverB a 600-volt direct current, and an in- 
dependent three-wire system is used for lighting purposes. 
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TUe d.c. generator of yoo kw. rating imd 575 rolts fumi8b<'s 
cnergj- for two Bets of feedei-s. Both busbars are mounted on 
the board, which therefore requires two single- pole lever 
Bwitcbes on each board. Tbe generator is a part of a motor- 
generator set and is to be arranged for d.c. starting. A four- 
throw starting switch should be mounted un tbe generator 
panel. The three-wire system is fed by two low-tension gen- 
erators connected in series (Chapter VI, case 1), and by a 
syncbrODOus converter (Chapter VI, case 4). Both gen- 
erators are coupled to an a.c. motor (induction or synchro- 
nous), and are utarted un tbe d.c. side. If they are driven by 




■itcliboard. 



an <>ngiue the starting switch can be omitted. The equipment 
for both generators is !nountcd on one panel. The converter. 
:is well as the generators, is shunt-wound since it is thus 
better suited for lighting purposes. Circuit breakers with 
shunt coil and ammeters are inserted on both positive and 
negative sides of the converter. The diagram indicates that 
the converter is started on the d.c, side, "Sote that the shunt 
field windings ol both generators are in multiple with the side 
which the. respeetiie generator snpplipfl. The feeders can be 
connected to the positive and negativf bus, or to either of these 
and the neutral. Both mains of a feeder set are supplied with 
a circuit breaker and an ammeter. The voltage between any 
two buses can be ascertained by using an eight-point receptacle 
auJ a voltmeter. 



DiQitized^yGOOgle 



TVrrCAL F.UJCTIfIC I'OWER STATIOXS 86 

The design of the pnnela for a low-tension feeder sj-steiu for 
lighting purposes in large cities, as New York and Chicago, 
obvioualy requires particular care. One of the uiuiu objects 
in Buch a design is to control safely and eonvenientlj' a luaxi- 
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BacfrV/aw 
Fio, 58— Wiring Diagram of Bonrd Sliowu in Fig, 52. 

mum number of feeders from a minimum number of panels.* 
Pig. 54 shows front, rear, and side views of the feeder panel»4 
used by the Chicago Edison Company, in their substation for 
feeding the three-wire lighting system. The board controls four 
• Edward Schtldhniier. ■' Recent Design In D.C. Switclibcard*," SUctrieai 
World, Deceml»er 1. 1900. 
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Fio. Ste.— Front View of 1350-Ampcre Feeder Panel (Clilcago EdlwHi Oo.> 
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Tie. W.— Rear Elevatloo and Ooas Secllun of ]230-A.iup()R! Feeder Paoel 
(OUcagoEdUon Co.). 
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sets of feedei-8, which can be •■ODoetited to the iiiuin or to either 
of the auxiliary buses by inpans of double-throw Bwitches. All 

Balancer and BooitST Panel Baiterj PftDSl 





"a^. mi a in 





Fio. 65ii.— Front EleTtktlon of Battery. Bnlancer. snil Booster Panels 
(Chicago Edison Co.), 



hnspR are mounted horizontally. This insures the best aeparn- 
tion of potential, and, at the same time, the greatest accessibil- 
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\ty to the rear of the switchboard. The connections between 
studs and buBes are made by simple pieces of bent copper, 



Pig. 5Bi —Roar Elevation of B:ittery. Balnncer, Hud Booster Panel* 
(Cliiciigo Eilisuu Co ). 

which facilitate the interchange of connections. The horizon- 
tal mounting of the buses has the further advantage of mak- 
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iug it easy to iDcif-nso the cross BertioD of the buBes by addi- 
tioD of copper bars. The poorer ventilation due to this mouot- 
iog iB partly couiiieosated for by a lil>eral allowance of copper 
in the bars. Hnch allowance has the advantage of eliminating 
to a certain degree the uusafe handling of live buses when an 
addition of bars is required. The middle studs of the positive 
double-throw switches are connected to the fuBes on the op- 
posite rear wall through bent pieces of copper. Tbe positive 
feeders lead from the lower terminals of the fuses to the out- 
going tile ducts. Tbe cost of the copper bends is more than 
coiiipensnted for by the elimination of the cable racks and the 
gain in walking space between panels and wall. Two amme- 
ters are supplied for each feeder set. The bar connections be- 
tween the center Btuds of the switches and tbe fuses can be 
used as ammeter shunt by applying a compensating coi) for 
temperature correction. The connections for the center studs 
of the negative switches run down below the floor line, and up 
to the negative fuses on the same back wall mentioned above. 
The floor is made of 1 in. removable slate slabs protecting the 
negative connections. The neutrals of the feeders terminate 
at the neutral bus located in the basement. Fig. 55 shows 
front and rear elevations of battery, balancer, and booster 
panels, nsing the same method of busbar monnting. It will be 
seen that the studs, nuts, and holts are as accessible in these 
as in the feeder panels. 
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ALTERNATING CURRENT 
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CHAPTEK Xn 
IiOW>TXIirSION AIiTERHATnTG OUBBZZTT 

Altebnatinq currents cover a much more varied field of ap- 
plication than do direct cnrreDts, since they are employed in 
practice in ditferent forme and quantities of phaae, frequency, 
e.m.f., and power, and since direct current may be r^arded 
as no more than rectified alternating current. Their treatment 
from the moment of generation through the successive steps 
to consumption is therefore subject to much greater variation 
in regard to the four cardinal points established in Chapter I, 
than is that of the direct current. The electrical equipment 
of a.c. plants depends mostly upon the output voltage and 
kw. rating of the units. Alternating current systems may be 
classified with respect to voltage, aa follows: 

1. Systems of the same e.m.f. as those employing direct 
current, 240 to 600 volts (110 volts). 

2. Systems whose e.m.f. ranges from 600 volts to 33,000 volts, 
which are those most commonly used. 

3. Systems of extra high e.m.f., ranging from 33,000 to 
100,000 volts, used for the most recently designed long dis- 
tance transmission systems. 

We will first treat classification No. 1, since it differs entirely 
from the other two. Classes 2 and 3 have many points in 
common, and will be treated together, emphasizing only those 
differences due to extra high voltages. 

GBNEBATOB (240-600 VOLTS) 

Alternating-current generators are used for small industrial 
plants or mining purposes. They supply three-phase current 
and are rated at from 20 to 400 kw. Fig. 66 shows a wiring 
diagram and front and side elevations of a svitcbboard for a 
240-volt generator of this type. A separate exciter monnted on 
the shaft delivers direct current for the field of the generator. 
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With larger units the exciter ia driven independently, and, ae 
we sball see later on, coQstitntes a very important part of tbe 
central atatioD. A separate rheoBtat regulates the shunt field 
winding. The value of the current supplied to the field circuit 
of the alternator is regulated by a second rheostat, and is in- 
dicated by a field ammeter. A double-pole field-discharge 
switch closes the field circuit. Tbis is provided with carbon 
break and discharge switches for connection to the discharge 



Fio. 56,— 240-Volt Three-Phase Ounentor Panel. 

resistance. With the low tension msed. the coniiei-tloi) of the 
generator cables with the buses is easily accomplished througli 
a three-pole lever switch. Tlie value of the current of each 
phase is indicated by separate Jimmeters. which are conne<'ted 
directly to the line for currents below 300 amp.; above this 
point series transformers are used. A voltmeter, peceptaclea. 
and corres|>ondiDg plugs are used to indicate tbe voltage across 
any two phases. By this means the voltage between any phase 
and the neutral of the machine i-an be indicated in case the 
neutral of tbe generator ia used for lighting purposes at 125 
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volts. In this case the load is unbalanced. Befoi-e an alter- 
nator can be thrown into parallel with other tnachioes in serv- 
ice it mast be synchronized with them. Synchronism indi- 
cators and lamps in connection with receptacles and pings 
serve to indicate the difference in phase of the machine in 
starting. The side elevation sliuws how the three busbars are 
mounted. They are protected from foreign objects which 
might cause abort -circuiting, such as tools, by means of a 




Fig, 57.-180 aud 600- Volt Three-Phose Generator Panel, 

screen. If the buses are very heavy because of larger output 
of the generators, the supporting arm is stayed by a gaspipe 
running up from the floor. The board is mounted and fast- 
ened to tbe rear wall with angles, tees, or gaspipes. These 
supports also carry tbe series transformers and rheostats. 
The rheostats are operated by handwheels directly from the 
front of the board. If the alternator delivers a higher voltage 
the connection to the buses is made through an oil switch. 
This is shown in Fig. 57, for a 480- to 600-Tolt machine. In- 
stead of using an ammeter to indicate the necessary amount of 
field regulation, the voltmeter or synchroscope may be em- 
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ployed to perform this fnnctioD. For balanced loada and car- 
rent under 50 amp. one ammeter in the middle leg snflQceB. 
For larger current valaes the ammeter must be connected to tvo 
series transformers in the outside lege. For unbalanced load 
the arrangement is the same as that described for Fig. 56. A 
polyphase wattmeter indicates the total output of the ma- 
chine, and by comparison of the ammeter and wattmeter indi- 
cations the power-factor of the circuit can be determined. The 
oil switch interrupts the current under oil in order to eliminate 



PiQ. 58—480 and 600- Volt Two Circuit Feeder Panel with Oil Switches. 

the danger due to the arc between the contacts of the switch at 
the moment of interruption. It is mounted on the rear of the 
board and is operated by a handle from the front. ( See Chap- 
ter XVI.) All voltage-carrying instruments are protected with 
fuses against overload. One synchroscope may be used for sev- 
eral generators, in which case it is mounted on a swinging 
bracket on the generator side of the board. 

A.C. FEEDERS 

The energy is drawn from the three busbars through an oil 
switch or circuit breaker. Both of these pieces of apparatus 
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are equipped with tripping coils which operate to interrupt 
the circuit at overload. Figs. 58 and 59 show the wiring dia- 
gram and Bwitchboard for a.c. feeders. As we wish to ascer- 
tain the amount of power consumption of each feeder system 
a polyphase wattmeter must be connected into the line. A 
special polyphase watt-hour meter with series transformer may 
be used to measure the energy outpnt. The feeders are gener- 






Fia. no.— 240, 480 and eOO-Volt Two-arcuit Feeder PsneU with Circuit. 

ally run from the busesand oil switches or ciccnit breakers to 
the nearest wall, whence they lead to the place of consnmptioD . 
in the factory. Tbe series transformers are therefore mounted 
on pipes near the top of the board. This differs from the 
method of mounting for generator panels where we saw that 
the apparatus was mounted near the base of the board. This 
was due to the fact that tbe three feeders from the generator 
reached the board from below. 
Alternating low-tensiou switchboards are identical with 
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d.c. boards in respect to material of board, method of uetting 
up, copper connections, spacing between busbars, and mount- 
ing of same, as illustrated in the accompanying figures. Up 
to this point we have had to deal with voltages requiring no 
special safety devices, with the possible exception of cir- 
cuits requiring interruption in oil on account of induction 
phenomena. 
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CHAPTER XIII 

Hld-H-TEiraiON SWrrCUUra ABBAlTQEIIEEnT AlfD 
METHODS OF CONnSCTION 

In order to make a correct choice of the various switching 
arrangementH for a plant, an investigation of the following 
points iB esBeotial: 1. Cost. 2. Reliability and continuity of 
the service. 3. Greatest protection of life and property. 
4. Available space. 5. Voltage and capacity of plant. 

The order of investigation of the above-mentioned points 
will depend upon the case in hand. It may be a qnestion 
whether more consideration is due to the stockholders or to 
the public, or if the system is one for extended electric trac- 
tion service or only street railway service, etc. 

1. In regard to cost it must be kept in mind that 
improvements, safety appliances, continuity of service, and 
future extension, will involve not only the first cost, but 
additional expense for maintenance, repair, and ojieration. 
After taking all these matters into consideration, our final 
estimate must show that a reasonable return on the investment 
may be expected. 

2. The reliability and continuity of the service are in fact 
the main objects of the plant. If these conditions of stability 
do not exist, and if frequent prolonged interruptions of serv- 
ice occur, the consumers wilt suffer, and the public become 
prejudiced. Such conditions will give material advantapp to 
competitors, and may eventually lead to forfeiture of fran- 
chisea or other concessions. These important considerations 
together with those discussed above afford the engineer a due 
as to what methods to adopt in order to insure the desired con- 
ditions of reliability, continuity, and adaptability of service. 
The amount of useful information thus obtainable depends upon 
the conditions which show to what extent our object may be ac- 
complished by the best machines and material in the market, 
by installation of greater or less number of auxiliary ap- 
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paratus with their conaections, or by establishing a reserve of 
unita and parts. It should be -noted that the greater the 
adaptability, the greater is the amoant of apparans necessary, 
and hence, the greater the liability for disturbances. 

3. Since legal reqairementS as to protection of life and prop- 
erty must be complied with, devices guarding against lightning 
and Are, special arrangement of apparatus, and the use of 
special insulating material become important factors in the 
plant. 

4. Here we have two cases to consider. In the first case the 
building site need not be bought. As an example, an old d.c. 
station may be converted into a modern a.c. plant on the same 
site, or an addition to the old station may be bnilt on land 
already owned. In the second case the site must be bought, 
and we here again have two distinctions to make. The choice 
of building sites is either determined by the location of a given 
sonrce of water power with respect to the central station or by 
the location of load centers witb respect to substations, or the 
choice is limited only to certain minor considerations, thos 
allowing greater freedom of selection. (Bee a.c. plants.) 

5. The power rating of a plant depends, on the one hand, 
upon the object of the plant, which includes quantity and 
character of the output, and on the other hand, upon the 
available mechanical energy. The voltage of the generators to 
be selected increases with the size of the machines, for in- 
stance, 230(1 volts up to a power rating of 2000 kw., and 6600 
volts for higher ratings. Machines of 5000 kw. rating may 
have a voltage of 11,001) 10-cycle, or 13;20O 25-cycle, An e.m.f. 
of 2'i.'KI0 voU» is admissible with certain powers, speeds, and 
frequencies. For long-distance transmission lines where the 
cop|)ei- weight of the line adds materially to the cost of 
the system, the voltages of the generators are stepped up, giv- 
ing up e.ni.fs. of 11,000, 15,000, 22,000, 33,000, 44,000, 66,000, 
88,000, and 100,000 volts. The most usual frequencies em- 
ployed are 25 and 60 cycles, the former for traction and motor- 
power distribution, and the latter for lighting. Units supply- 
ing energy to motors should be so chosen that their maximum 
overload capacity is of such value that in case one of 
the units is momentarily thrown out of ser^'ice, the 
output of the station and the voltage are not materially 



DiQitized^yGOOgle 



BIGMTEySIOX SWITCHISO 101 

affected. It is therefore desirable to have one reserve 
onit, to be nsed only in case of emergency or at over- 
load, thus making it possible to repair disabled machioeB, 
The determination of the capacity of the indivldaal units is a 
very important matter. For although the cost per kilowatt 
varies inversely, the capital invested for the reserve varies 
directly aa the power rating of the machine. If the number of 
the machines is large the ratio of reserve cost to total cost is 
small, and is partly compensated for by the greater adaptability 
of the service and the decrease in line loss which the reserve 
accomplishee. The relation of the area included between the 
load curve and the time axes, to the area under the rated output 
curve of the machine, is called the load factor of the plant. A 
high degree of efficiency, if obtained for a long period of time, re- 

line 
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Fig. 60— Simple Single- Fra. 81.— One Bua Fto. 63.— One Bua with SectloD- 
Unit SysteKi. Sjatem. ftllzlng Switch. 

quires the use of larger power units, which again decreases 
the overload limit of the machines. If the load curve is flat, 
a smaller reserve unit may be nsed to take up the overload. If 
water power or steam turbines are used, all machines, includ- 
ing the reserve, may be run at all times on low load, since in 
this case no material losses in water or steam power need be 
considered. This method of operation difTers from that em- 
ployed with steam engines, which run economically only at 
full load, and require the use of the reserve only from time 
to time. 

In the diagrams herewith the cable connections between 
machines and pieces of apparatus are represented by single 
linea. They therefore show the arrangements without r^ard 
to phases of the machines. The simplest case is that in which 
the generator feeds directly into the line (see Fig. 60), which 
is connected to the machine throngb an oil switch. If a ma- 
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thine ia to Huppl.v Mevpial feeders, thf energj' is first led to 
busbars, whence the necessary amount for individnal feeders 
is drawn off through oil switohes. (See Fig. 61.) 

If two or more generators are used to supply the feeders 
ttie switching arraDgemeot becomes more flexible by inserting 
a bus-sectioDaliziDg switch in the busbars between generator 
connections. This switch enables the attendant to feed any 
set of feeders from any machine. By its use a disturbance on 
one side of it is localized and cannot affect the generators or 
connections on the other side. (Kee Fig. 62.) In another sys- 
tem, each generator feeds one line directly, as shown in Fig. 60, 
but the feeders are connected by an auxiliary bus, bo that, in 
case of need, one feeder can be supplied from the other genera- 
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Fio, S8.— Relar Syst 




Fro. 64.— Ring Syatei 



torn. This is the relay system, (See Fig. 63.) Fig, 64 shows a 
ring HVKteni where sectional i zing switches are inserted in the 
buKCK Itetween each group of feeders and their correttponding 
generator, Tlie advantage of this system is that any disturb- 
imce can be confined to a small part of the station, if a greater 
number of generators and feeders are required to maintain 
the service. The best and most common method of switching 
arrangement is that where a double set of busbars are em- 
ployed, one called main or operating bus, and the other 
auxiliary bus. {Ree Fig. 65.) This method is more expensive 
because it requires two oil switches for each feeder and gen- 
erator, and an additional weight in copper for busbars and 
connections. On the other hand, it affords an easy means of 
feeding any group of feeders from any group of generators. 
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Sut-Ii an arraugeiiient lias the fui-tliei- advantage tliat i-epaire of 
any part of the busbars cao be made without danger and with- 
out interrupting the main servii-e, since auch part ia easily 
disconnected from the live parts. Thia system is used when a 
considerable number of feeders are in service all day, or when 
it is desired to keep separate two different kinds of load. 

For street railway systems in large cities where tbe central 
and sub-stations are connected through a large number of 
feeders, a system called the group system is employed. (Fig. 
66.) The essential point of this system is the gronping of the 
feeders which are connected to auxiliary buses. These buses 




Qenererfoi\j Generator (_ 

Fin. es.— Duplicate Set of Bus Bars 

are supplied from the main buses, which are in turn fed by the 
generators. Systems of this kind are nsed in the plants of the 
New York Street Railway Co., at 96th Street, and at Kings- 
bridge, in the 74th Street Station of the Manhattan B. R. Co., 
and also in the power house of the Long Island B. B. Co., to 
be described later. The advantages of such a system are as fol- 
lows:* (a) "It affords an additional means of opening a 
feeder switch that fails to open its circuit when operated for 
that purpose." This applied mostly to oil switches in their 
early days when two switches in series were required to insure 
•L. B Stillwell, "The Use of Group Swllches in Ltrge Power PUmU," 
March S3, 1904. Proceedlngi, A. 1. E. E. 
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their proper operation. This conBideratioa ia no longer of im- 
portance, on acconnt of the advance made in the coostraction 
of these switches. " They act as an assurance against a shat- 
down in a more important service." (b) " It affords means of 
redncing aggregate load upoui the power house, in case of neces- 
sity, more rapidly and is otherwise less objectionable than the 
usual method of cutting off individual feeders. It will some- 
times happen in the operation of a power plant that it becomes 
necessary suddenly to shut down one of the generating units. 
If the load carried at the time be such that the shutting down 
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of the generator implies reduction of the external load, this can 
be accomplished moat conveniently by operating one or two 
gronp switches." An objection to this point is that a group of 
feeders can also be simultaneously disconnected in other 
cheaper ways. The oil switches for a group of feeders can be 
electrically or mechanically interlocked in such a way that by 
the operation of a control switch all the feeder switches of a 
group can be opened simnltaneoualy, while the several circuits 
still retain their individual control, (c) " Where duplicate 
main busbars are used it facilitates transfer of load from one 
set to the other, in case it becomes necessary suddenly in 
operation to make such transfer. If the feeders were connected 
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to two main buses, it would become uecessary to snppi; two oil 
switches apiece, or 2, 3, or 4-pole double-throw Bwitches for low 
tension. In the present case, however, there suffice one switch 
per feeder, and two oil switches per feeder group, which cuts 
down the number of switches necessary to be operated for 
transfer." (d) " The grouping of the external feeder circuits 
in group units being a simple fixed relation to the generator 
units, establishes a symmetry and proportion most useful to the 
operator, particularly in time of emergency. The portion of 
load per group of feeders is kuown from the number and size ' 
of the feeder groups in relation to the number and size of the 
generators. With partial load it is easy to determine if a gen- 
erator may be cut out of seryice, thus throwing its load on to 
other lAacbines, or if it is better to disconnect a whole group 
of feeders, thus throwing the load of the sub-stations onto the 
other feeders," The above applies to city service, where 
several independent feeders lead to each sub-station. 

Arguments against the group switch are: (a) " It introduces 
additional apparatus, and therefore in itself increases the risk 
of interruption due to failure in switch insulation, etc., and of 
distarbances which may often be more harmful than those 
which the switches are supposed to prevent." (b) " It im- 
plies an increase in cost of the plant. In the ease of the 
Manhattan plant this increase is about 10 per cent, of the cost 
of the switchgear and measuring aiipnratns and about 0.4 per 
cent, of the cost of the plant. So that in a large plant the 
cost is negligible in comparison to the gain." 

Generally no definite rules can lie roruiulated as to when and 
where such a system is of advantage. A I'boit* of systems de- 
pends upon the conditions of the case in hand. 

Fig. 67 shows connections for alternator, transformer bank, 
switch, and line. It represents the case where a number of 
plants feed into the same system. 

A layont for several feeders in connection with one trans- 
former bank and one generator is given in Fig. 68. An oil 
switch is inserted on the high tension side of the transformer. 
In Fig, 69 two sets of busbars are used, one for the low 
tension, and one for the high-tension side of the transformers. 
The first set is fed by the generators, and the second is con- 
nected to the feeders. Both sides of the transformer are pro- 
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. tected by oil switehefi. Id Fig. 70 we have two or more trans- 
former banka and a large number of generatoTB and feeden, 
and desire to make their operation independent. This is ac- 
complished by insertion of sertionizing switches in both high 
and low-tension bases, between the transformer connections. 
We are thus enabled to divide all units into groups with cor- 
responding transformers and feeders. The arrangement cor- 
responds more or less to that of Fig. 62. 

One of the most modern switching arrangements ia repre- 
neuted in Fig. 71. Each transformer bank is directly con- 
nected with its generator and with the low-tension busbar. 
R.v running in parallel on the low-tension side only, any gen- 
erator can be run with any transformer. The whole station 
can be run in parallel or two parts run separately. This rep- 
resents a case where the generator power is sufficiently large 
to allow of a generator-transformer-nuit combination with the 
duplicate outgoing line. If, however, the generators are of 
smaller power, and we wish to form a transformer-line unit, 
the arrangement of Fig. 72 is nsed. The feeder is directly con- 
nected with its transformer, and also has a connection to the 
high-tension busbar. The connection of any feeder with any 
transformer is thus made possible. 

Fig. 73 is a combination of Figs. 71 and 72. The unit is 
made up of generator, transformer, and line. Each unit can be 
operated independently as shown in Fig. 66, or any desired 
combination may be employed. 

The systems described above are only typical arrangements, 
and may be modified hy using varied combinations of different 
systems or by addition of auxiliary buses or other apparatus. 
As already stated the arrangement is subject to no fixed rales, 
but to the judgment of the engineer. 
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oxBcuiT nrFZBBumNa devices 

In this chapter we shall discoBB the principles inrolved in 
the application ot instrumeuts and apparatus of standard 
make. 

One of the m(wt important parts of a high-tension system is 
the circuit interrupting device. Its functions are the same aa 
those of a d.c. circuit breaker, i.e., to open or close the circuit 
at certain critical moments. Such iustuuts may be foreseen or 
they may occur suddenly, necessitating instantaneous opera- 
tion of the apparatus. In the first case, the breakers are 
operated manually, and in the second case, automatically. The 
automatic type can also be operated manually. With medium 
voltages, where on account of insulation, the size of the appara- 
tus does not become excessive, such apparatus may be mounted 
on the board, or in its vicinity on supporting frames or in 
cells. With high and extra high tension more space must be 
allowed for the apparatus on account of the high insulation. 
They are therefore located away from the board. In the 
former case they are operated mechanically from the board, 
and in the latter instance their operation is either manual, 
electric, or pneumatic. Four groups of circuit breaking devices 
may be differentiated according to their make, operation, 
voltage, and the load to which they are connected. These 
are: 

1. Disconnecting switches. 

2. Plug switches. 

3. Fuses. 

4. Circuit breakers and oil switches. 

The general conditions for which these breakers must be de- 
signed are as follows: 

1. The rated current of the device ought to be carried with 
negligible drop and no heating. This depends upon the ma- 
terial of which the switch is constructed, upon its dimensions, 
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and DpoD the coDStroction and presaare between the enrfacea 
of the coDtact pieces. 

2. To inanlate all live parts for maximom potential, both In 
an electrically and mechanieall; permaneDt maaner. The best 
criterion for the judgment of the efficiency of a circuit breaker, 
la the extent of its ability to maintain perfect insulation in 
spite of the formation of arcs. The higher the voltage the more 
difficult does it become to obtain perfect insulation in service. 
Every breaker is therefore rated for a maximum voltage. 
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Fig. 74. —12. 000- Volt DlKonDBCtiDg Switch. 

3. Mechanical means have to be provided for opening the cir- 
cuit, which may be either automatic, or non-automatic as stated 
above. Fuses are always automatic, disconnecting switches 
and plug switches non-automatic, and oil switches and circuit 
breakers may be either automatic or non-automatic. 

4. The formation of arcs has to be prevented or rendered 
harmless. This requirement may be met in various ways. The 
contacts may be widely separated, the interruption may be 

' made to take place in oil, the are may be blown out mag- 
netically, or through air expulsion or may be quenched in an 
inclosnre. Choice of the above-mentioned methods depends 
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upoD tbe voltage, space, coDditious of service, etc., as we sball 
see under the discussions of the various types of breakers. 

Tbe d.c. circuit breakers and the a.c. breakers up to 600 
volts were treated in Chapter IX. 

DISCONNBCTINO 8WITCHB8 

This type of breaker is seldom used b; itself for main current 
interruption, being usual); used in conjunction with an oil 




Fia. 75.— ie,000-Tol( Disconnecting Switeti on Line InsuUlon. 

switch. If the breaker is to be used independently to break the 
line current, it has one great disadvautage. In order to break 
the arc the contact studs must be placed far apart, thus con- 
suming a great deal of space for installation aud operation. It 
can be used only when the voltage drops to a low value, for 
otherwise the arc would pi'oduce a high potential oscillation in 
circuits of high inductance and capacity. These potential 
oscillations are quite liable to destroy the insulation at sonte 
part of the circuit, e8i>ecially in the transformers. When used 
in conjunction with an oil switch it serves to disconnect the 



DiQitized^yGOOgle 



CIRCUIT INTERRUPTING DEVICES 111 

terminals of the latter from the live parts of the line, the oil 
switch having previously been opened. It ia ased to connect 
lightning arresters or potential transformers to the main line. 
Fig. 74 shows a 12,000-volt, 300-amp., disconnecting switch 
mounted on a slate base. One of the terminals is in front, and 
the other on the back side of the base, or the positions of the 
terminals may be varied according to circumstances. The 
hinge studs are incased in porcelain or glass bushings, with 
the surface distance between metal parts and base correspond- 
ing to the voltage, usually being taken at 1 in. per 1000 volts. 
The air space between metal parts, and between these and 
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ground, and the dimensions of the metal parts are dependent 
upon the voltage and capacity of the line. The air line dis- 
tance equals half the surface distance. Another method of 
mounting disconnecting switches is shown in Fig. 76. The 
porcelain insulators are fixed on a pipe support. A metal cap 
is fastened on the top of the insulators on which are mounted 
the clips of the disconnecting switch. The terminals can be 
located in the front only. The illustration shows a 16,000- 
volt, 300 to 800-amp. switch. The support may be slate instead 
of piping, as shown in Fig. 76 for a 40,000 to 60,000-volt switch. 
All these switches ai-e mounted out of reach, so that 
operators cannot flccidentally come into contact with live 
parts. It is advisable to separate the nwitches of different 
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phase by Blate, marble, or asbestos barriers in order to protect 
them aguioBt arcing, or a short-circuit across the phases. The 
barriers become superfluous when there is sufficient room for a 
safe separation of tbe switches. All dieconnecting switches 
are operated with a hooked pole. The attendant must there- 
fore have snlScieat room in which to nae the pole, which 
is from 2 to 3 feet for low tension, and 10 feet for voltages up 
to 60,000. The cable connection should be such that, when the 
switch is open, the handle will be dead. 

Aoother type of discODuecting device is the bus-Bectionaliz- 
ing switch. Tbe busbar is broken for 6-in., and both ends are in 
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Fm. 77— Primary Plug Switch. 

the form of clips. A copper link with an eye connects the two 
parts. Still another type of breaker for open air use resembles 
the horn type of lifjhtning arrester. The main part is bnilt 
exactly like one of these arresters, the air gap being bridged by 
a terminal part which, when tlie switch is actuated, is drawn 
away. The arc then breaks itself by drawing towards the upper 
ends of the horns, where tbey arc fartlier apart than at the 
base. The current of a l.")00-kw. pcnerator. at 2G.0O0 volts, has 
been ruptured in this way. ff the disconnecting switch is to be 
mounted overhead horizontally for hipli tciisionn. the handle 
is fastened to the pins of the insulafors. aiul the tops of the in- 
sulators arc fastened to the base by mcanN iif a cap. 
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PLrU SWITCHES 

A plug switch consists of one fixed and one movable part. 
The fixed part carries the contacts between which connection 
is to be made. The movable part is a metal plug with insulated 
handle which conuectB the contacts when inserted in a porce- 
lain bushing. The plug switch with plug is shown in Fig. 77. 
The switch is from 5000 to 10,000 volta, 10 amp. One of the 
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Fio. 78. — AmiuuiiT |lack. 

. contact terminals is mounted on a fiber tube on the end near the 
switchboard, and the other on the farther end of the tube. 
The tube forms a receptacle for the plug. The bush- 
ing on the front of the panel prevents accidental touching 
of live parts of the switch, and at the same time serrra as in- 
sulator for the fixed part and the board, as do also the porce- 
lain pillars on the back of the board. 

Another type is shown in Pig. 78. Two copper buses in- 
sulated from each other are mounted on the fixed part back of 
the board. Two terminal contacts are provided on the farther 
side. As long as the plug is inserted in the receptacle, it 
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separates the two cable c-ontacts, but coDDectH them at the 
same time with their respective bnses near the board. When 
the plug is removed the contacts are connected together. The 
buses are permanently connected with the series transformer 
of the ammeter. The contact terminals are on the side of the 
main circuit, and, as mentioned above, are connected when the 
plug is out. Plug switches are used for series alternating sys- 
tems of arc or incandescent lighting in conjunction with con- 
stant-cnrrent transformers. (Bee Chapter XIX.) They close 
the circuit on the primary side of the transformer, which gen- 
erally carries from 1150 to 2300 volts, and which is protected 
by fuses against overload. The secondary side of the trans- 
former is generally measured by the number of lamps con- 
nected to it in series, this number varying between 15 and 100 
for different transformers. By means of the plug switches the 
circuit can be opened, short-circuited, or transferred to other 
lines. Any arc forming in the fiber tube (Fig. 77) is quickly 
quenched. On the secondary side of transformers, they are 
used only up to 10 amp., since with larger current the arc is 
stronger and harder to extinguish. They are therefore often 
replaced by oil switches. 

Fig. 79 shows another method of connecting the ammeter to 
the circuit. Two cables in the handle lead to the series trans- 
former of the instrument. The ping makes contact between 
the cables and the metallic springs connected to the 
circuit. When the plug is taken out, one of the springs 
snaps back against tbe other contact, thus restoring the 
circuit. 

The use of this type of switch where many bare parts are 
connected to high voltages, requires very careful handling and 
special fireproof mounting. 

As we have seen, plug switches are preferably used to con- 
nect the series transformer of one ammeter with different 
lighting circuits. As long as the plug is not inserted in the 
receptacle, the primary winding of the series transformer is 
open. To avoid this the General Electric Company has 
designated a switch so constructed that the plug connects the 
primary winding with the various circuits, or short-circuits the 
winding, according to the depth to which it is inserted in the 
receptacle. 
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We have noted in Part I — direct cBrtent — that all voltage- 
carrying instrumenta and apparatns must be protected against 
overload or short-circnit. The einiplest and cheapest of such 
devices is the fuse. For direct-current use fuses are con- 
structed in open link or in closed tyiws. Their purposes for 



Fra. 79.— Ammeter Jack. 




Pio. 80 —Expulsion Puao. 



Q 



Pig. 81.— Expulsion 
Fuse for Shunt Trans- 
former. 

alternating current are similar to those for direct current, but 
their construction differs on account of the high voltages em- 
ployed. They act automatically and must be replaced by hand 
before the circuit can be restored. Tboy can be used in series 
with disconnecting switches, rendering the breaking of the 
switch at high voltage less troublesome. Fuses are used for 
very high voltage and amperage. Their construction for high 
voltage is as follows; (Fig. 80.) The body of the holder con- 
sists of an insulated nietaltic chamber into the upper end of 
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which ia screwed a fiber tube. That part vl the fuse in the 
chamber ia of smaller avom section than the reBoalDder, to in- 




Pra. 83 — EipulsloD Fuse tot ^Slmnt Trnnaforntcr an Diacounccting Swltdiea. 

Hurc rupturing at that point. The expansion of the gases 
farmed by the arc in the charabfi- ('X[)<>Ib the fused metal and 
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effectaally opens the circnit. Tbe illuBtratioD showB the cross 
section and method of elate or marble mounting of a General 
Electric Company expulsion fase for 2300 volts. Tbe lower 
stud of the holder should be connected to the source of power, 
and the upper one to the load. All.bigh-tension fuses are 
fastened on insulated bushings. Fig. 81 shows the cross sec- 
tion of a fuse used for sbnnt transformers for high voltages. 
They are often fastened to ('iips similar to disconnecting 
switches, and are used to insure safe acce^ to tbe shunt trans- 
formers. (Bee Fig. 82.) It is recommended that 230ft-volt 
fuse holders be spaced on 12-incb centers, and 6600-volt 
holders on 18-inch centers, unless barriers are used between 
them, in which case tbe centers can be made 5 and 8 inches 
respectively. 

As noted above, fuses can be used onl.v for automatic current 
intermption with short-circnit or overload in service which 
permits of their easy replacement. That is, they are useful 
onl; when the time required for replacement causes no iacou- 
renience due to interruption of service. 
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CHAPTER XV 

OXL SWIT0HB8 

Dbtslopme^ in oil awiti-h construction lias resalted in the 
prodnotion of a Dumber of invaluable pieces of apparatus vith- 
out which it would be difflcult to handle high-tension currents 
safelv and economical ly. The utilization of oil has made it 
possible to interrupt circuits of high and extra high tension 
and power with ease and safety, under most severe conditions 
of shortHrircuit or overload, and this without damage to the 
device itself. The latter point is of great importance, since the 
breaker must be capable of passing current as soon as the out- 
side disturbance is over. A comparison is made b; Mr. 
E. M. Hewlett of relative merits of oil-break to air-break 
switches.* 

1. " Abnormal rise in pressure — Owing to the fact tbat in oil 
switches the circuit is opened at the zero point of the wave, 
the rise in pressure found in the air-break switch is not ex- 
perienced. This point is of considerable importance in high- 
pressure long-distance lines, and in cables carrying consider 
able energy." The interruption in oil is therefore no quick 
break action. The effect of the oil as shown by the oscillograph 
is to make the arc last through several wave lengths, being 
broken at the zero value. 

2. " Power — Experience has proved that oil switches may be 
desired to break circuits of practically unlimited power," 

3. " Length of arc — Owing to the smothering action of the 
oil OD the arc, the length of arc in oil is only a fraction of its 
length in air," 

4. " Insulation — The insulating qualities of the oil decrease 
the distance required to prevent leakage and arcing." 

5. " Size of switch — Owing to the fnet that the arc length 
is materially decreased and the vnlue of the oil as an insulation 
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reduces the creeping Hurface, an oil switch cao be made very 
much more compact than an air switch." 

6. " Remote control — The design of the oil switch lends 
itself readily to operation by control from a distance." 

7. " Arc conflned — The fact that the arc is ruptured un- 
der the oil within the switch has two advantages ; first : switches 
can be placed close together without danger of short-circnit ; 
second : in case of emergency, confusion is avoided, as there is 
no visible arc to disconcert the attendant." 

8. " Station arrangement— The flexibility of the oil switch 
places no limitations on the station arrangement, permitting 
the circuits and buses to be arranged in the most advantageous 
manner." 

9. " Isolation of phases — The possibility of complete isola- 
tion of the phases in a reasonable space is easily secured by the 
use of the oil switch." 

Oil switches may be classified according to operation, as 
automatic and non-automatic. In* order that the former may 
interrupt the circuit at short-circuit or overload tbey must be 
self-actbated, and must be able to break a current of several 
times the generator rating. The non-automatic breakers are 
not used for such large currents, yet tbey must be able to in- 
terrupt the current when the generator is short-circuited. As 
to operation we may divide oil switches into three classes : 

1. Manually operated. 

2. Electrically operated. 

3. Pneumatically operated. 

1. Manually operated switches of small power rating are 
mounted on the back of the switchboard, and are operated by 
means of linkages from the front of the panel. It may some- 
times be more convenient or advantageous to mount them on 
brackets or framework away from the board on the wall or in 
cells, which may be the case with switches of larger power rat- 
ing. Under the circumstances they are operated from the 
board through rods with bell cranks or wire rope. 

2. Electrical operation is substituted for manual, when the 
distance from board to switch and increased size of switch 
render the above arrangement clumsy or inconvenient. Such 
manipulation is advantageous under the following conditions: 

(a) Oil switches for higher power and voltage are so large 
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that they can be managed more easily electrically than 
manually (10,000-kw. stations). If operated mechanically they 
would occupy too much space. 

(b) The switches can be installed in any convenient place 
independent of the position of the switchboard. A saving in 
i-opper may thus be attained by placing tbem near the source 
of power and the busbars. 

(c) The switches can be located so that tbey cannot be dis- 
tnrbed through any machine parts like steampipes, etc. 

(d) In large stations the attendant is enabled to operate 
with ease any desired circuit since the oil switches control 
apparatus are concentrated in a small space on the board. 
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Fia. 88.— Series Trip Colis for E» Oil Snitdte* (Me Fig. 88). 

(e) When operating at the switchboard, the attendant U 
not in danger of coming in contact with high-tension condaita, 
since only low-tension control wires lead to tbe board. 

(f) 8iuce the attendant is thus assured a safe and isolated 
place of operation, he is not so easily disconcerted in case of 
accident when quick action is imperative. 

(g) If the switches are inclosed in fireproof cells a flre in 
any cell canibe localized. 

In large stations it is important that tbe control and opera- 
tion of all generators, exciters, transformers and feeders be 
concentrated as much as possible, so that one switchboard at- 
tendant may control the entire system. This will result in 
more advantageous manafziement and decrease of operating ex- 
penses. In such stations the power units are so lai^ that the 
distances between machine centers is considerable. Hence, 
if cables were to be run from these machines to mechanically 
operated oil switches, a very undesirable position for the switch- 
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buard might be neceasitated, if cable cost aud earn- uf in- 
stallation are taken aa criterions. The great danger incurred 
in handling high-tension apparatus compels us to mount them 
ID such a way that no high-tension wires lead to the. switch- 
board. Two methods of electrical oil-switeb operation are in 
use. Ooe is b; means of solenoids and the other by means of 
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FiQ. 84.— Trip Coils for Oil Snitches in Connectian with Series TraasfonnerB. 

motors. Motor-operated oil switches are built bv the General 
Electric Company, while the solenoid type is made by the Gen- 
eral Electric, Westingbonse and other manufacturing com- 
panies. 

3. Pneumatic oil switches are sometimes employed in place 
of motor-operated switches. Their manner of operation is 
much more com;i)!:nted nnrl not as safe as that of the other 
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types since the; reqaire special macbiner; to produce air 
pressure. The operatloo of the valves of the pressure cylinder 
on the oil switch, moreover, is not reliable. The following 
synopsis gives a survey of the action, operation, and manipula- 
tion of the various types of breakers in use. For relays see 
Chapter XVI. In the diagram of automatic circuit breakers 
there are included overload and underload switches for direct 
current. 

METHODS OF OPERATION* 
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For voltages up to 2500 series trips are used to open auto- 
matic oil switches, one for a double pole (single phase) and 
two for three or four-pole switches (three phase or quarter 
phase). (See Fig. 83.) The trips are in series with the aide of 

cclrleil Conncc l.iii* tut rov>'« SUtioiia," A. I. S. B.. Mm «. IBM. 
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the switch which ie to be protected. For higher voltages, 
9erieB transformerB are inserted io the line, whose secondary 

ULTIMATE BEEAKTNG CAPACITY OF OIL SWITCHES IN KW. 

GliNBKAI. Ek^CTRIC COHFAKT. 

For Three Phase. 
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300-fiOO 


volu. 
1,200 
2^0 
3,500 
4,500 
1,200 
2,300 
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6,300 


kw. 


k«. 
2,360 
2:150 
2,000 
1,900 
2,600 
2.380 
2,200 
2,100 


kw. 


Built: 2, 3, or 4 
polee, nnrie or 
double throw (in 
one oil veaael). 
Operated: Man- 
ual. 
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800-500 
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13,000 
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825 
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4 poles, mn^e 
throw. Operated: 
Manual or elec- 
trical. 
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windings actuate the trip coll of the oil switch. Fig. 84 shows 
the various connections for different phases. The number of 
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trippiii}; <-oilH iis4'<l dPi>ea<lH upou llic size uf the switch to be 
opeoed. The Diimbet' of spries rransforiuert* depends upon 
whether or not the loud in bHlanced and the neutral of the 
machine b.v star i-onnection ib gi-ounded, and altHi upon tbe nnm- 
ber or phases. Trausforniern actuating tripping coils mnat not 
be connected to instrumeDts with series and shunt- windings, 
aucli as wattmeters or power-factor indicators. Every oil 
switch is built for normal voltage and amperage, bat must 
nevertheless be capable of intermpting the entire power wbicb 
all the generators in parallel are capable of developing. The 
various types of oil switches are therefore constructed for 
given voltage and maximum breaking capacity without regard 
to their method of operation and action. The breaking 
capacity of the various types as made by the General Electric 
Company, Westioghouse Company, and Hartman ('ircuit 
Breaker Company are tabulated on pages 123, 125 and 126. 

For single phase mnltiply the above figures for ultimate 
kw. breaking capacity by 0.75 and for two phase by 1.5. For 
oil switches used with a lower line voltage than given in the 
table, use kw. rating of tbe nearest voltage given. Mazimnm 
power rating of switcbes for intermediate voltage values can 
be found by interpolation. It is recommended by the General 
Electric Company that the voltage of oil switches monnted on 
the board shall not exceed 2600. Tbe above switches are con- 
stmcted for operation in plants where the normal full load 
of the generators in the whole system or section does not exceed 
the maximum given kw. rating. 

Oil switches are constructed so that single, double, triple, 
or four-pole switches are contained in one oil vessel. Moreover, 
sets of two, three, or four single-pole switcbes in separate ves- 
sels can be operated as double, triple or four-pole switches by 
operating them through a common mechanism. The former 
are used for tensions up to C600 volts and tbe latter with 
isolated phases for all higher and extra high voltages. If these 
switches are to be used as double-throw switches their number 
must be doubled, with exception of type K3 (G. E. Co.), which 
contains tbe necessary number of contacts and studs in one 
vessel. Two sets of operating mechanisms are necessary for 
each set of double-throw switches, which are interlocked 
mechanically or electrically so that it is rendered impossible to 
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ULTIMATE BREAKING CAPACITY OF OIL SWITCHES IN' KW. 
M'ESTiNaHousE Electric and MANtiFAcruRiNa Coupant. 



-fi 


BMins 
Amp. 


v& 


Kw. lUiiog. 


•Num£?^P^i«.uid 


i 


« 


^. 


^, 




A 


300 
100-1000 


6,600 
3,300 


3..TO0 
600 


7,000 


6,000 


2, 3, or 4 poles, single 
throw. Operated: 
Manual, ntm-auto- 
niatic. Mounted on 
panel or framework. 


D 


1,200 


1,000 


2, 3, or 4 poles, ainjie 
or double" throw. 
Operated; Manual, 
non-automatic. 
Mounted on panel, 
wall, or frame. 


B 


20-1,200 
20-300 
20-200 
20-100 


3,300 

3.300-6,800 
6,600-11.000 
11,000-22,000 


5,000 


10.000 


8,500 


2, 3, or 4 poles, siode 
throw. Operated : 
Manual, automatic, or 
non-automatic. 
Mounted o n pone) 
or framework. 




600-2000 
600-1200 
600 
300 
200 
300 
200 


3.300 

3.300-6,600 

6,600-13,000 

13.000-22,000 

22,000-33.000 

45.000 

60,000 








Single pole, sin^ 
tliTOw. Operated: 
Electric, automatic 






























































10,400 




E 


1^200 

600 

20-300 

20-100 

20-100 
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Single pole, sinde 
throw. Operated: 
Manual or electric, 
automatic or non-au- 
tomatic. Mounted in 
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Single «.le, single 
throw. Operated : 
Electnc, automatic, 
or no n- automatic. 
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Single pole, single 
throw. Operated : 
Electric or manual, 
automatic or non-au- 
tomatic. Mounted 
in cells or without. 



* Ttt* Dumber of pol(« 
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ULTIBiATE BREAKING CAPACITY OF OIL SWITCHES IN KW. 
Hartuan Circdit Briaker Company. 
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4,000 


ffingle pole, tingle throw. 
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2, 3, or 4 poles. Hncle throw. 
OperaMd: HuuaL auto- 

Houolwlonpaiielorwall. 
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2,600 
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Single pole, .ingle throw. 
Operated: Manual or dee- 

puidorwaU. 
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close both throws at the same time. Each switch coosists of 
three parts: 

1. A frame holding the studs, contact pieces, and porcelain 
bushioga. 

2. A removable oil vessel mouoted on the fram& 





Pipe Supports Back 



S. Movable contact bridges with operating devices. 

The construction of type H3 {G. E. Co.) is an exception. 

Fig. 85 shows a K3 four-pole double-throw switch with re- 
lease mechanism, mounted on pipe supports back of the panel. 

Cables or bar connections are led to the outside terminal of 
the poles at safe distances from all metallic parts. The wedge- 
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«)iaped cupper bridges are fastened to wooden rods connected 
to the uperatiDg mechanism so that tiiey can move through the 
frame. They are operated rapidly and simultaneously under 
oil. The oil vessel is lined throughout with laminated wood 
and in furnished with barriers of the same material, which are 
held securely iu position between the poles of the switch. 
When the awitch is to be tripped automatically, the tripping 
coil operates the linkage of the mechanism without moving the 
handle on the front of the board from its " closed " position, 

!■ I6ji -fjk-- 







'^i:;^:^^^^^^ 




Fio. 86.-K2 Oil SwltclL 

which might otherwise injure the attendant. This action is 
made possible by the slot in the horizontal member of the 
mechanism on the front of the board. If, for instance, the 
operator closes a switch on a short-circuit or overloaded line, 
the trippinf; coil will immediately throw open the oil switch 
without throwing out the handle in the hand of the operator. 
Such switches are termed non-closable on overload. The posi- 
tion of mounting thus requires a base casting and extension 
link. In Fig. 86 we have one triple-pole single-throw K2 switch 
with electrical trip (one coil) for use with series transformer. 
For the double-pole single-throw switches, the middle pole of 
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rlie tlii-ev-tHtle ttwitch ia omitted. Figs. 87 and S8 Hbow iiietliodK 
i)( iiiouDting double, triple or four-pole K2 nou-autoniatic oil 
xwitcheti. They are mounted on the wall or in celU removed 
from the board. The mounting also applies to automatic 




Pi8. 87.— Pipe Mechanism for Operation of 
K and E3 Oil SwitcUes. 

switches. The method of mounting shown in Fig. 87 allows 
the placing of the oil switch in any position relative to the 
board. Care must be taken, however, that the length of com- 
pression members of the operating mechanism be not too great 
as otherwise bending will take place, bo that the switch is 
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not complete); opened or closed. Such members may be 
streDgtheoed by guides or through iucrease in cross-section. 



Flo. 88.— Pipe MecliiuiiHiu for Upenuioii of K iuhI H^ OU bwiuiua. 



Fro. 89.— Triple-Pole Single-Throw IB.OOO Volt K3 Oil Swlteh for 
Rrmore Conirol. (Eacb Pole la Installed Id a Separate Brick Cell 
Not Sliown ) 

Pig. 88 requires the mounting to be in a plane perpendicular 
to the back of the board at the center Hue of mechanism handle. 
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Pig. 89 ia a photograph of three single-pule K2 siugle-throw 
switches for 15,000 volts and 300 amp., operated front the same 
mechanism by means of a common abaft. Each oil switch is 
monnted in a separate cell of brick or other fireproof material 
(omitted in the cut). The mounting of the cells and the cor- 
responding switches relative to their control panel is such that 
the rod from the board operates the shaft between its bearings 
or immediately oatside of one of the bearings. 



Via. 90.— K3 Oil Switch Operated by Direct-Current Solenoids. 

Fig. 90 shows arrangements for an electriraUy operated 
three-pole K2 oil switch. The switch and d.c. solenoid are 
monnted on pipe supports. Their relative (wsitioii may lie 
varied as desired, provided the necessary changes in operating 
mechanism are made. Sets of two, three or four single-pole 
switches in cells similar to those shown in Fig. 89 may be 
operated with common solenoids, in place of mechanical de- 
vices. Pig. 91 shows a triple-pole oil switch, type K4 with 
electric trip. For double pole, the middle pole of the triple- 
pole switch is omitted. The oil switches Hro mounted on the 
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board au<] are braced bv two pipe supports apiece because of 
the greater weight and lever arm. 

When inouutiog oil switches, provision must be made allow- 
ing removal of the oil vessel when the switch is open. In ex- 
ceptional ' ases allowance can be made for removal of tbe vessel 
when the switch is closed, when H|)ecial care in handling is 
necessary. This condition is fixed by the distance between the 
bottom of the vessel and the door or cell bottom. The method 
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Fio. 91.— K4 Oil Switch. 

of monnting a three-pole type K4 oil switch on pipe BOpports 
is given in Fig. i>2. 

Fig.'U.'! is a wiring diagram for a d.c solenoid for operating 
an oil switch. It has two windings (see Pig. 90), the larger 
one i\) iH-ing the closing coil and III) the tripping coil. A 
small douhle-|>ole controlling switch is mounted on the board, 
which controls tbe current for the opening and closing coiU. 
A red bull's-eye lamp shows when the switch is closed, and a 
green one when it is o|)en. On the solenoid there are also two 
small auxiliary switches 1 and 2. Switch 1 is open when the 
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oil switch is closed, that \s, after <'oil A bas operated. It is 
closed when the oil switch is oiren. The action of switch 2 is 
the reverse of that of switch I. The object of each of the two 
auxiliary switches is to disconnect the coil with which it is in 
series, after this coil has operated, and at tbe same time to 
throw into circuit the coil of the other switch, thus preparing 



T 



Pifl. «3,— Pipe MediaDism (or a K4 Oil 8n-itcli. 

the solenoid For reversing, which is made possible by operation 
of the controlling switch. The auxiliary switches also operate 
the signal lamps. Resistance R is used only when the d.c. cir- 
cuit for the operation of the solenoids has an e.m.f. over 125 
volts. The aolenoids and lamps are protected by tbe fuses F 
and f. The opening coil B is smaller because the weight of the 
contact bridge helps to open the oil switch. Tbe diagram is 
for non-automatic operation. 
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WbeD oil switches are to be used as double-throw awitcht^s, 
:)s is the case when transferring connections between busbar 
sets, the simultaneous closing of both throws must be pre- 
vented. For mechanically or electrically operated switches 




this is provided for in the mechanical or electrical interlocking 
devices. 

Fig. 94 is a wiring diagram for two electrically interlocked 
Holenoid mechanisms for the oi>eration of two oil switches. A, 
and A, are the (losing, and ft, and B^ the opening coils. 



Fio. »4,— Diagmni of Two Iciterloukcd Solenoiil Operated Oil Switches. 

Auxiliary switch 1 closes the side a when the oil switch U, is 
closed. Similarly switch 2 closes side c when switch U, is 
closed. Switch 1 closes side b when U, is open, and switch 2 
closes side d when U, is open. Consider for example that U^ 
is closed, as indicated by the red lamp A„ and that C, is in the 
upper position. Then switch 2 will close side c. If we now at- 
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tempt to close switch L'l we will throw C, into the upper posi- 
tion ID order to excite coil A,. But d of Bwitch Uj is open. 
Therefore A, is not in position to close U„ and therefore 
U, cannot be closed. This shows that both switches cannot be 
closed at the same time, but that they can be opened together. 
In Pig. Q4 both switches are non-automatic. 
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Pia, 95.— Holor Operated H8 Oil Swilcb, 

The General Electric Company recommends types H3 and H4 
oil Bwitchee for the latest stations with any voltage. (See Pig, 
95.) These switches are distinguished from all other types by 
three characteristics. Each terminal of a pole pair is con- 
tained in a separate oil vessel, the outside terminals are on the 
bottoms of the vessels instead of the top or side, as in other 
types, and finally the switch is operated by a d.c. motor. Each 
pole pair is mounted in a separate cell, three such cells con- 
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Htilutiii}; a Ilii-ff-poU' snitcli. Since cadi pole i» iiiclosi'i) in a 
separate vessel the arcs «t the poiata of intermptimi are 
separated, whit-li increases the sjifpt.v nf the device. Rince the 
cable connectioDB are made at the Iwttom of the vessels they 
are separated from all movable parts, affording; hetter ioBula- 
tion and easier access. The metal plungers which project 



FfO. M.— Motor Oi>enitc(l H3 Oil Swirdi for 60,000 Volts. 

through the top of tbe insulators are connected to a metallic 
cross arm, which in turn is joined to the operating mechanism 
by wooden rods. The operating height of the plunger is 12 in. 
for 6000 volts, and 17 in. for 12.000 volts. All poles open 
simultaneously, six arcs being formed in the three-pole switch. 
The cells inclosing the switches are made of brick. The top 
and bottom are slate, the bottom containing the insulators for 
the cable connections. The motor operation has an advantage 
over the solenoid method in that it operates the switches more 
rapidly than the solenoid under lower service voltage. The 
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above illustration shows an U3 switch for 15,U0O volts, good 
for 1200 amp. The oil vessels are made of brass or sheet steel 
lined with iDsulatiag material. For 60,000 volts and over, the 
vessels are made barrel-sbaped, and are constructed of wood, 
held together by rope windings, being supported in the cell on 
four insulated legs. (Bee Fig. 96.) 



■tL-RtiilaTmiMTi*el¥aitn Oil 
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Pio. 87.— ConniTtion of Conlmlling Clrctiits (i.r H3 Oil 
Swilcli with Magm'lJc Itclensc. lUsing Ihnilik-Throw 
Controlling Switch, Normiilly Open Villi Doiiblp- 
Tlirow Contact Fingers.) 

Fig. 97 is the wfring diagram for the motor of an H3 oil 
switch. Its operation consists essentially in winding up two 
spiral springs after each throw of the switch. Opening of the 
oil switch is entirely independent of the motor. A control 
switch or relay on the board controls the circuit of an electric 
magnet operating a toggle. This toggle releases the s[>ring 
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ivbich oiJeiates llii? swilch, nitnultaneniiHly atarting the mutor 
to wind up the spriDgB. 

The Hoor where the cells are set up requires special cODStrnC' 
tioD on account of tbe cell weight and tbe cable connections on 
the bottom of the cell. 

Westinghouse oil switches may be classified in two groups, 
tbe first comprising those in which the interrupting device is 
similar to a knife switch, bo tbat each pole pair is interrupted 
on one side only, the second group including such forms where 



Pill. 9H —Type [> Oil Switcli with Removed Uil Cau. 

there is interruption at both terminals of each pole pair. The 
company styles the first type as oil switches, and the second 
iiR circuit breakers. The A and D switches constitute the 
first group, and all others the second. A view of type D 
motmted on the back of a panel is given in Fig. 98. Insulating 
barriers are fastened on the cover between pole pairs, which 
guard against the establishment of current between terminals 
of diflferent potential. Current interruption takes place under 
oil, in an oil vessel common to all the poles. It is bnilt of 
metal lined with insulation. The several knife blades are con- 
nected together by a specially treated wooden piece whicli it 
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itself couuvL'ted by a rod of the Baiiie uiaterial tu the oi>eratiDg 
lever. Each switch blade of type A requires a separate rod, 
all the rods being operated by the same mechanieni. In type 
B, each pole has a separate tank lined with insulation. All 
tanks, terminal insulators, and oj>erating nieihanisnis are 
carried on a cast-iron frame fastened to tlic switchboard or 
wall. The tanks and rods caiTying llie i-ontai-ts serve as 
barriers between the points where an'in^ "'i'y of<«r. At over- 



iriilly U|K'raieU 

load or short-circuit the tripping coil which opens the oil 
switch releases a trigger, so that the handle is not thrown open. 
For voltages above G600 volts it is iidvisable to ground the 
metallic framework of the breakers, and in cases where the 
power is more than 4000 kw. per circuit it is the best practice 
to operate the oil switch apart from the switchboard. For 
higher voltages and larger power the Westinghouse Company 
makes use of type C switches electrically operated and mounted 
in fire-proof cells. It is used under conditions similar to those 
where types K6 or E3 or O. R. make would be used. Figs^ 99 
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and 100 show the outlines of the cells and the operating mech- 
aniem and a view of the switch proper. Each cell contains 
one pole pair in one oil tank, which is easily removahle. The 
contacts are mounted on large porcelain inanlators. The leads 



Fio. 101,-60.000 Volt Aulomatic Oil Switcli, Tjpo C. 

are brought out at the rear of the switch and may pass directly 
into a masonry conduit. Fireproof insulating barriers arc 
provided between phases on the back of the cell, and smaller 
barriers of slate or asbestos are placed between cables of tlie 
same phase. The oil tanks are constructed of heavy sheet 
metal, the interior being lim>(l with insulating cement, which 
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is molded in such a form as to fit closely about the termiDals 
aud moving contact piece. By this means the neceasai-y 
amount of oil is reduced to a minimum. The contact bndge in 
carried by a wooden piece, which at the same time serves as 




FiQ. 103— Haniiallj Openileri Tv|)e E Switch Mounted in Cells. 

a barrier between the polen. These wooden rodn aiw 
fastened at their ui>per ends to a wooden cross bar, which 
through a system of levei-s is raised by means of the closing 
solenoid core, assisted at the beginning of each motion 
by a pair of balancing ttprings. Oil switches of this type are 
operated by meauK of solenoids, i-etjuiriag a 125-volt direct 
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CQprent, A control switch governs the operation. Tell-tale 
iDdicatorB and red and green signal lamps are used to indicate 
the open and closed positions of the oil switch. The break in 
these switches occurs near the surface of the oil instead of in 
the lower portion of the tank as in t}'pe H3. For voltages of 
45,000 to 60,000 volts form C, aa shown in Fig. 101, is used. The 
movable contacts are on a U-shaped piece, which is attached to 
a rod of treated wood whose opi>er end is connected to the 




Pre. 108.— Type E Oil Swlich ElectricnUy Operaled. 

Operating mechanism. The fixed contacts are mounted on 
heavy porcelain bushings carried on wooden hrnrkets Iteneath 
the surface of the oil. A double barrier of alberene stone is 
placed between the contacts and extends entirely across the oil 
tanks. Between the two parts of this barrier is placed the 
wooden rod carrying the U-shaped contact piece, which moves 
in slots cut through the barrier. The oil tank is of copper, 
rectangular in shape and Ik fltted in a masonry cell. Inside the 
copper tank is a bottom of treated wood, and there is also a 
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framework on the sides. This wood acts as a support for tlie 
second lining, which is of alberene stone and covers the entire 
surface. The control and operating apparatus are the same for 
ail electrically operated oil switches. The upper part of 
the cement work is omitted in the illustration. 

Fig. 102 is a manually operated type E switch, mounted in 
cells. It is provided with an automatic tripping coil. A toggle 
joint oi>ei'ates a horizontal shaft from which the switches are 
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'I'lic height oviT nil is 9 feci 10 inches. 

.^tO gallons of ofl iirc supplied tu All the tanks. 

Weight with oil, 15.000 poiiiuls. 

Boxol ncigiil. including weight of oil, 16,600 i>ouii[]s. 

Fig. IW.— Tyjw G Oil Switch Electriciilly Operaleii for 60,000 VolU. 



Operated together through separate rodn. These rods are 
placed in the front of the cell between the doors. Type E 
switch is huilt single-pole and is mounted in separate cells, 
being fastened to the slate or soapstone cell cover. The same 
type of switch with electrical oi>ci'ating mechanism is shown 
in Fig. 103, The single-pole switches are similar to the 
manually operated type E switch, and ai-e similarly mounted 
on the covers of the cells in which thev are contained. Each 
switch lias its own snlcuoid niouiiled on the cover, bul they 
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are all simultaneously operated from a single control switch on 
the board. 

In Fig. 104 we have a set of three single-pole, type O oil 
switches, built for 60,000 volts. They are operated by a com- 




Pia. 106.— Typo L OU Swiicli Eleelrically Openiteil for 60,000 Volte. 

nion solenoid mounted at the foot of the cell; the tanks, of 
which (1) for each switch are made of boiler steel lined with 
insulation. Poles in the same tank are separated by insulat- 
ing barriers. The heavily insulated cable terminals project 
about 4 ft. 6 in. above the toj) of the cell. The three 
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vessels may be monnted in cells or on iron Treine supports. 
The cross piece operated by the solenoid is connected to three 



—Type B Tbrcs-Pole Non-Auiomnlic Oil Switch. 



Fio. 108 — 15.00U-VoU Type C Koii-^iutommic Oil Swiicli. 

Bets of toggles which operate the wooden rods of the U-shaped 
contact bridges. 
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Fig, 11(5 is a set of tbr^e Hiiigle-puli; tyiM" (i oil switches for 
120,000 volts. The boilei- steel tanks ai-e supported on iron 
framework. All three awitchee are operated by one solenoid 
through a itoks arm and rod. The tanks are separated from 
ea<jh other bj a certain distance. 

Fig. 106 shows the outlines of a type L oil switch fur 



Fi<i. IIU.— Tlirce-PoleTjp« C Autotniitk UilSuitcli for Willi Mounting and 
Itemolc Table Control. (Shown witli Ow Switch and One Tmnsformg: 

Tank Reniovc-rt.) 

88,000 volts, which is oi>crated either manually with toggles or 
electrically. The distani-c of contacts above the cell when the 
switch is open is 17 in. for n fiO.OOO-voll switch, and 20 in. for 
88,000 volts. The tanks are nuule of hard wood, covered with 
metal sheeting. In erich tank llici-c is a double barrier 
lietween the poles, and the cotilacis .-iTf fastened to bushingM 
in the middle of each of tin- Iwo resulting chambers, A mov- 
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nble rod between tbe barriers operates the contact bridge 
tbrotigli the slots cut into the barriers. The solenoids arc 
mounted on the lower part and operate the rods of the contact 
bridges through the rross arm and toggle mechanism. In all 
of the last-mentioned awitches, heavily insulated cables project 





^ 



W 



Fia. 111.— Table Contact tor Types C and 11 Oil Suiicl 



from the bushings in the cover, to which the circuit lonnections 
are made. These switches can be opened automatically or Don- 
automatically, as Bl}own by the table for Westinghouse switches. 
Special appliances for automatic interruption will be discussed 
in the chapter on relays. 

The scope of this treatise does not make it possible to discuss 
the products of all manufacturers of oil switches. Only those 
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have been selected which are most used in service, and their 
special characteriBtica have been emphasized. Some of the 
prodiu-ts of the ilartman Circuit Breaker Company also deserve 
mention. The oil tanks of switches of this company are made 
of molded fiber, so tbat a good separation of both poles is at- 
tained with the aid of the rods carrying the contact bridge. 

The pole pairs of a switch type A are in separate oil tanks, 
and the whole switch, includiog operating mechanism and auto- 




FiQ. 112 —Type C Oil Switch Electrically Operated for 32,000 Volti. 

matic tripping coil, is carried on two pipes fastened to the 
switchboard. For low voltages and small capacity, all three- 
pole pairs are placed in one tank. (See Fig. 108, type B.) 
E£Fective barriers against arcing are found in the extra wooden 
rods between the phases and the operating rods for each pole 
pair. Up-and-down motion of the rods is brought aboat by a 
crank-like motion of the operating mechanism- Fig. 109 is 
the type C for 16,000 volts with tanks removed. The covers 
of the tanks together with the bushings are made of treated 
fiber. The illustration shows the movable laminated contact* 
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of jaw type and the wed(ce-ahaped fixed contacts which fit into 
them. 

For a.c. seriee arc circuits type D oil switch is used in place 
of ping switches. It is a double-pole switch in one tank similar 
to type B, Pig. 108. For high tensions type C is used, which 
is operated electrically from the board or by a wire rope ar- 
rangement. Fig. 110 lUastrates a three-pole switch with two 
series transformers inclosed in tanks similar to oil-switch 



Pia. lis.— Type H Oil Switch Ctble Control for 60.000 VolU. 

tanks. In the illustration, one of the pole-pair tanks and one 
of the transformer vessels are removed. The outer vessels are 
the transformer tanks. The entire apparatus is carried on two 
pipe supports. Arrangements for wire rope operation, and 
electrical manipulation are shown in Figs. Ill and 112. In both 
cases the switches are mounted on a distant wall. 

The type H switch is built for 60,000 volts. Instead of a 
double-break, a quadruple-break is used. (See Fig. 113.) Two 
auxiliary poles are supplied for each pole pair, and the two 
contact bridges are operated mechanically by two rods. The 
treated fiber tanks are fitted with barriers and projections, 
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wlik'li, with the movable rods, afford separiitioD or the poles 
and auxiliary poles. This oil switch, like the t.Ti»e C, ie 
oi>erated electrieallj- or by wire rope, and can be opened auto- 
matically or non-automntii'aliy. The fiber sleeves carrying the 
contacts are high and finite thick. 
The Pacific Electric and Manufactnring Company produces 




Fio. 114.— Oil SwitcU. 

»n oil switch for high tension in which each pole pair is 
actuated by a double contact arm revolving about a vertical 
axis. Fig. 114 shown a section and outline of one of these 
switches for 60,000 volts. The contact arm is mounted on a 
bashing on the lower end of a vertical operating rod. The 
enter ends of tbe contact arm connect with the poles which are 
joined to the circuit leads. Two or three of these switches 
may be manually operated an two or three-pole switches. If tbe 
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angle of rotation of the arms is made 90°, an extra-long inter- 
ruption of phaees is obtained. 

The conatruction of oil switches Is based on the following 
points : They interrupt the current under oil, tlie interniptioQ 
with one phase being either single, double, or manifold. Since 
in the latter case the breaks are in series, the construction for 
high voltages can be quite compact, and the interruptions are 
positive and direct. High insulation of phases and poles of the 
same phase must be maintained, the phases for high tensions 
being broken in separate tanks. " Freezing," or sticking of 
contacts at the instant of operation, must be guarded against, 
and it must be possible to operate an electrically operated 
switch, manually, with a reasonable degree of safety. The oil 
as mentioned above must be of good quality, forming no sedi- 
ment. This is of particular importance in the Hli type where 
the terminals are on the bottom of the tank. Tt should be pos- 
sible to fill the tank without taking the switch apart, or dis- 
connecting it from service. It is, however, advisable to fill tbe 
tank when the apparatus is not in use on account of the danger 
incurred iu handling a live switch. In order that repairs may 
be tmdertaken provision must be made to disconnect the switch 
from all live parts. This is usually provided for by a discon- 
necting switch between the oil switch and the line. All live 
parts, such as studs, cable terminals, or copper rods projecting 
from the vessel must be wound with good insulation, or must 
be screened in order to obviate the dangers due to touching, 
flre, and short-circuit. The cells should have fireproof doors. 
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In Ini^ plantfi wiHi ('Xj)en8ive apparatua and where the 
service ia continiioiiR, it ia necessary to protect the apparatus 
aud uiacliiiioH bv making provieion for automatic current inter- 
ruptinn. Swh jmiviaion ia also necessary to protect atationa 
or a neriea of aubatatione against serious ahut-downa. The de- 
aired reault ia attained by equipping the apparatus, like oil 
switches, with trijipinji mechauisma which are operated by re- 
laya at certain critical moments. The relay itself ia operated 
by the current which it ia to interrupt, while the solenoids of 
tripping devices are energized from the secondary windings of 
aeries or ahunt transformers, which are on the main circuit or 
fntm an independent aource. They are adjusted to a prede- 
termined condition of operation. Their action is the opposite 
of that of telegraph relays. With the latter, a atrong current 
is required to operate the receiving apparatus, while the former 
open their switches with a relatively weak current, as it ifould 
be difficult, if not impossible, to operate the relays directly 
with the main current when thia current aasumea large propor- 
tions. A classification of relaya may be made on the basis of 
current influence and kind of action: 

Action Time Elemewt 



Current Influence 

1. Overload for a.c. or over- 

load relaya. 

2. Reverse-current relays for 

a.c. with voltage winding. 

3. Reverse-phase relaya. 

4. Underload relaya. 

5. Low-voltage relaia. 

6. Reverse-current i-ela\s for d.c. 

7. Over-voltage relays. 



Instantaneous. 

Time limit. 

Inverse time limit. 

Instantaneous. 

Time limit. 

Inverse time limit. 

Instantaneous. 

Instantaneous. 

Instantaneous. 

Instantaneous. 
( Inverse time limit. 
' Inatnntaneoua. 
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1. An uverluad relay, as tliv name indicates, serves to protect 
lUe Hue uppui-atUH, iir macliiaes, ni^aiiiKt a load in excess of a 
<<iven uiaximum. Sucli relays are made to act instantaneously 
at the points of enerj{.v i-onmiiiiptiuu, PHpecially when fire 
risk is great, in feederti wliirli will deliver an excessive cur- 
i-ent under short-circuit or overload. In this case, an in- 
stantaneous interniption is prefertible to a uiomeutary dis- 
turbance, and this action at the plac<> of consumption relieves 
tlieothevfinip-liniitorinverse-tiiiie-limil relays. Instantaneous 
overload rela.vs are often used to prevent the current from ex- 
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Fig. liri.—.lmpcre.Tiiiic Curve for Bellown. Type Overload RelBj. 
ceeding the maximum current rating of instraments. A time- 
limit relay maintains the service of tbe line in which it is con- 
nected, without regard to any danger, for a certain limited 
period. A devioe of this kind allows all tlie less important 
lines to be cut out by the instantaneous or inverse time-limit 
relays before it itself interrupts the main circuit. When the 
main current la interrupted it shows that the cause of interrup- 
tion was not momentary or subject to recovery after a short 
time, such as strong currents caused by load variations or a 
burning out short-circuit, and that the cutting out of the less 
important lines has not snffT<''''n'^'y rolieved the main circuit. 
Byuchronous converters ore protected on the a,c. side by in- 
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sertiag time-limit relays on the bigh-tenBion side of the trans- 
formers. It Ib recommended by some engineers to insert them 
in the feeders on the substation side, their action being made 
independent of the current direction. A special type of relay 
is tbat mentioned above, in which the time before action is in- 
versely proportional to the amount of overload, so that the 
greater the overload the quicker will be the action of the relay, 
being instantaneous at short-circuit. 

Fig. 115 is the ampere-time curve taken from a paper by G. 
F. Chellis,* for a bellows-type overload relay. This curve was 
obtained by adjusting the device to operate with 5 amp. in 10 
seconds. The current was then increased step by step, and the 
times for the relay to operate were noted. This type of device 
has tbe advantage of disconnecting tbe feeders consecutively, 
so that the feeder nearest the source of disturbance receiving 
the greatest amount of current disconnects first, thus relieving 
the other feeders and relays. If the relief is not sufiBcient, the 
next relay disconnects, etc. Another method of securing con- 
secutive operation is obtained by adjusting the definite time- 
limit relays to dilfereot time elements, in such a way that tbe 
farther a relay is from tbe source of power, the shorter is the 
predetermined time element. Fig. 116 shows tbe adjustment of 
overload, inverse time-limit relays between tbe power station 
of the N. Y. Edison Co., Waterside No. 1, bigh-tension busbar 
and the substation direct-current busbar. According to Chief 
Engineer Mr, Philip Torchio, the adjustment is as follows: 
Non-antomatic oil switches are employed for tbe generators, as 
reliance is put upon the attendant to disconnect tbe generators 
by band operation of tbe oil switches, whenever he finds it 
necessary to do so. To guide him, an overload relay, operating 
signal lamps, is monnted on each generator. This relay is with- 
out time limit. On each high-tension feeder in the generating 
station is mounted an overload relay with a variable time limit 
in inverse proportion to the value of current. Curve No. 1 
shows the characteristic curve of this type of relay, the periods 
at which it is adjusted, and its relation in time and load to 
other similar relays at the substation end of tbe feeder. Tbe 
feeder switch in the substation is automatic and is controlled 
by a relay similar to the one at the Waterside end of the feeder. 
The adjustment is shown in curve 2. The high-tension side of 
* G. F. ChellU, "Tbne-Llmit Relk^." I^, A. I. &. B . May 10, IMS. 



_TOOgle 



RELAYS 



167 



the synchronouB convertere is equipped with a relay of the 
same kind aa previouHly discussed, the calibration beiug ahown 
in carve 3. The d.c. side of the synchronous converter is 
equipped with a reverse-current, inverse time-elemeat, direct- 
current relay, the adjustment of which is shown in cnrre 4, 
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Fia. 116.— Relative AdJusimeDt of Overload Inverse Time-Limit Relaya 



which is figured on the basis of primary amperes for the par- 
pose of comparison with the curves above it. The consecutive 
operation of tbe relays is plainly evident from a comparison 
of the four curves, 

2. A reverse-current relay is one which acts on reversal of 
eae^^ flow. It consists of two windings, in series and shont 
with the line, respectively, so that one depends on the current, 
and the other on the voltage of tbe line. Under normal con- 
ditions of the line only the difference in the mafinetomotive 
force of the windings acts. On reversal of energy, however, the 
Kom of tbe m.m.f. of tbe two windings comes into action, and 
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the rela^' operates the switch. Tbe ideal device of this type 
should possess tbe followiag cbaracteristice. It shonid operate 
OD overload at normal pressure, on short -circuit at zero or re- 
duced pressure, or when the direction of the flow of energy is 
reversed. As a matter of fact it meets only some of the above 
conditions, end these only to a certain degree. Tbe applica- 
tion of such relays therefore becomes limited. They are need 
here and there for tbe operation of generator oil switches or at 
the substation ends of feeders, but they are not reliable. Tbe 
disadvantage is that, being dependent npon the e.m.f. bu{>- 
plied from tbe line, a- condition will arise at a time of severe 
short-circuits when the e.m.f. will drop to a very low value, 
in which case the relay will lose its reverse feature and operate 
as an overload relay with a high setting. This brings about the 
action of all overload relays on parallel cinuits, causing a 
shut-down. This disadvantage was sutllioient to cause tlje Intei'- 
borough Rapid Transit Company, of New York City, to replace 
their instantaneous "differential" it-lays, as they are also 
called, in the substations of the Manhattan Division by 
straight overload time-limit relays. In other cases inverse 
time-limit relays have bven i-ecnmmended to take their place. 

3. Reverse -phase rvlays are used to open motor switches not 
properly connected. They are useful for the protection of 
elevator motors or in any case where change of phase rotation 
is objectionable. 

4. The object of tbe underload relay is to throw out one or 
more machined for load values under an economic load-factor, 
at which the remaining machines can run economically. 

5. Low-voltage relays are used for motor switches, to insure 
proper control connections in starting. In connection with d.c. 
circuit breakers they are used for interrupting the circuit 
when the voltage drops to 50 per cent, of the normal value. 
{See Chapter IX.) 

6. Automatic d.c. circuit breakei-s are often equipped with 
a reverse-current relay inserted directly on the circuit breaker 
or in the feeders. Its objei-t is to prevent the synchronous con- 
verter from running away when its field circuit is opened, in 
which case it is used in connection with a speed limit device. 
It is advisable to have the relays independently energized by a 
battery or exciter for, nnder short-circuit or overload, it may 
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occur that the relay refuses to act on account of the low volt- 
age. These relays are especially adapted to protection against 
current reversal ia an installatioD where the line is fed by 
Storage batteries aud converters. 



Fia. IIT.— Connections of Oil Switches with Trip Colls Operating on Direct- 
Current Circuit Using Circuit- Closing Relays. 

7. Ovep-Toltage relays are used iu connection with storage 
batteries. 

In regard to the action of a.c. relays, they may either close 
a d.c. auxiliary circuit for energizing the trip coils, or they 
may open an a.c. auxiliary circuit which under normal con- 
dition is kept short-circuited by the i-elay. In the first case the 
auxiliary d.c. is independent of the main current, its source 
being a battery, cx<-iter, or d.c. generator, of 125-250 volts. In 
tlie second the current is supplied by the secondary winding of 
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a series transformer, inserted in the main line which at the 
same time operates the relay. 

In Pig. 117 there are shown the connections of oil switches 
with trip coils operating on a d.c. circuit naing circuit-closing 
relays. The number of poles corresponds to the number of 





Fio. 118.— Conned ious of Oil Switches tvltta Trip Colls Operating from 
Series Trunsformero tbrougU Circuit Opening Relays. 

transformers in the line, which is in turn dependent upon tht; 
number of phases of the system, upon the balanced condition 
of the load, and upon the bind of armature winding connec- 
tions (with itr without grounded neutral), as has already been 
mentioned under Fig. 84. Fig. 118 is the same as the cor- 
responding diagram of Fig. 84, with the exception of the relay 
installation, which under normal conditions keeps the sec- 
ondary transformer winding short-circuited, opening the short- 
circuit only at overload when it excites the trip coil. 
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Figs. 117 and 118 show the switching arrangemeDtB of auto- 
matic oil switches operated mannally. 

Polyphase maximum relays operated by the current in two 
or three of the phases should, however, be used as seldom as 
possible and instead single-phase relays connected entirely 
separately in two or three of the phases on three or four wire 
system respectiTeiy should be used. With the former very large 
dangerous overloads can continue to exist in any one phase 
without causing the relay to operate and open the circuit. The 
same objections apply to polyphase reverse current relays. 

One of the wrong connections often met is that where the so- 
called " resultant scheme " of relay connection is in use, 
namely : One single-phase relay connected to two series trans- 
formers so that current in the relay is the vectorial resultant 
of the current in each of the phases in which the series trans- 
formers are situated, assuming a three-wire three-phase sys- 
tem. Assume the normal full load secondary current of the 
transformer to be 10 amp. and that the relay be set to operate 
at 200 per cent, of full load current, that is, it will operate 
at 34.6 amp. If overload should occur on both phases connected 
throQgh the transformers to the relays and the phase displace- 
ment in each phase is the same, then the circuit is opened when 
there is 20 amp. secondary current in each phase. Should, 
however, an overload occur in one of the phases the phase dis- 
placement will probably not be the same in each phase. If 
the angle of lag in each phase is equal and only one of them is 
overloaded, it will require 282 per cent, full load current in the 
single overloaded phase to cause operation of the switch. Should 
the current in the single overloaded phase lag 60° more than 
the other phase, then the current in this overloaded phase must 
increase to 386 per cent, of full load current before the relay 
actuates the switch. The protection therefore is quite uncer- 
tain. Rimilar conditions may occur in a four-wire three-phase 
system when three series transformers with only two single- 
phase relays are used. It is quite possible for one phase to be 
overloaded, since it has a large return path through the fourth 
wire. If this overload has a large phase displacement relative 
to the currents in other phases, then the condition may arise 
of very large overloads in the one phase and the switch not 
opening, consequently the same number of single-phase relays 
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a» series transformers should be nsed, with four wires three 
transformers and three relays, and with three wires, two trans- 
formers and two relays. 

The diagram for a relay with a solenoid-operated oil switch 
is given in Fig. 119. The two small auxiliary switches of Fig- 
Sit are replaced by a single one, which closes the a side when 




Fio. 119.— Connect iou of Couirolliiig Circuit for Solenoid 
Opcmted Oil Swilcli<». 

the switch is closed and the b side when it is open. At overload 
the relay closes the d.c. circuit for the smaller solenoid, whicli 
opens the switch. A relay conld also be inserted in Fig. 93 by 
connecting teiminal 1 of the relay to any point between the red 
lamp terminals and switch 2, and terminal 2 of the relay to the 
negative side of the d.c. source. 

Fig. 120 is a diagram for a single-pole relay with two elec- 
trically interlocked solpnoidoi>erated oil switches. Fig. 121 
shows the connections of a d.c. motor with a relay for the H3 
and H4 oil switches. Tlicsc switilies are opened by a spring re- 
leased by a trip coil, which is connected to the circuit by the 
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L-ontrolliDg switch on the board, or whit-h may be excited auto- 
matically by the relay. 

Pig. 122 BhowB a three-pole cirtuit-opening revei-ee-current 
relay which opens the short-circoited secondary winding of the 
aeries transformer at the moment o( current reversal, and ad- 
mits current to the trip coil. ?„ P,, and P, are connected to 
the secondary windings of shunt transformers, C„ C,, and C^ 



Ooaif 




Fia. 130 — Connectfou of Two Interlocked Solenoid Operated Oil Switcliea. 
to the secondary windingH of series tranafoniieitt and A 



n<l 



A„ to the trip coil. Fig. 123 ia a wiring diagram for si double- 
pole circuit-closing reverse-current relay with a separate d.c. 
source for the trip coil. The conueotions of A, C, and P are 
the same as those in Fig. 122. 

Mr. M. C. Ripinski in the Electrical ll'orW for November 2. 
1907, gives the following diagram for the connection or i*lays 
for a three-phase system. Three generators with Y armature 
windings, and neutrals grounded through resistances, supply 
a set of busbars from which four feeders lead to the sub- 
stations, eacli Iwo feedei-K supplying one set of sulistatiim lius- 
bars. One set of ItustttirH xupplies a low-tension set of busbars, 
through step-down transformers, which in turn supply a.c. 
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feederu. Tb« curtviit from the otlier busbar set feeds con- 
verters through transformer sets which deliver d.c. for power 
distribution. See Pig. 124. 

Overload, reverse power inverse time-limit relays operate 
at the moment of overload or Bhort-circuit for the normal direc- 
tion of energy How. In case of reversal of energy in a feeder 



Pio, tai — [nteroitl Wiring fur Motor Operated Switch 

this relay operates as a reverse-current relay for a current 
strength from one-third to one-eighth of the overload current 
for which it is set. Let as consider three feeders leading from 
central station A to substation B. (See Fig. 125.) In case 
of short-circuit at point X, there will be more current through 
switch D than through E or F, because the short-circuit is 
nearest to D. Therefore, the overload current will open this 
switch by means of its overload relay. At the same instant, 
however, there is a rush of current from the substation towards 
X. which operates the reverse-current relay P. and opens its 
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correspondiag switch. In Q aud K, and also in E and F, very 
large currents exist in the uormal direction, but D aud P are 
opened more quickly because of the still greater current 
through D, and the action of the reverse current through P, 
which suffices to open P at one-third the value of the overload 
current. This action relieves the other relays quickly enough 
to prevent their being opened. In this case the devices act afl 
inverse time-limit relays. 



riQ. 189.— Tbree-Pole Circuit Opening Fia. 123.— Two-Pole Clr- 
Relay . cult Cloaing Relay. 

Another illnstration is that described by Mr. Qeorge F. 
Chellis in his paper on time-limit relays referred to above. In 
Fig. 126 we have a three-phase generator supplying energy to 
four outgoing feeders which feed four synchronous converters 
in the substation. ' In the substation the a.c. busbars are 
equipped with bus-sectionalizing switches, so that eventually 
the machines and feeders can be worked as independent units. 
The generator oil switch is automatic and is operated by means 
of a differential relay, " Should a short-circuit occur at the 
point X on the B feeder there would be a rush of current from 
the power house busbar, and also from the substation busbar 
to the point X. In A, C, and D the current would be increased, 
due to the short-circuit being fed by these feeders through the 
substation busbar. Since a synchronous converter generates 
an a.c. electromotive force corresponding to rated pressure at 
qnchronouB speed, in case the point X is near the power 
honae, it is possible that the direction of the flow of energy in 
feeders A, C, and D would be reversed due to the synchronous 
converters feeding the short-circuit back to the power house 
busbar as well as directly over the short-circuited feeder." 
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For tliiH reason the awitclies on the Bulmtatioa side of the feed- 
ci's should be protected by an instantaneous reverse-ctirreni 
i-eiay, while the power houee should be guarded by an overload 
time-limit relay. Hince, its has already been meutioDed, the 




Fio, 134.— RelsTB in a Four-Wire Tlirec-Pbnso System. 
A and C, ttllernittiug current overload reverse power iuverse timc-ltmit relaja. 
U and D, Hltcrimiliig current overload Inveme iinic<UinU relnj's. 
E, direct current reverse power Inverse tinic-limit relays. 

reverse-current relays are dependent upon the pressure of the 
syatem. they would become practically inoperative at zero or 
low pressure which exists at the moment of short-circuit. They 
therefore lose their reverse action and be<'ome worthless at the 
very instant when they are most necessary. 

Since the relative value of the time element of relays is de- 
termined by the various conditions of service and load, it is 



Fta. laS.— ConoMtion of Relays for a Three-Phase System, 
impossible to formulate any empirical mles applicable to all 
cases. The choice of the proper device is left to the judgment 
of the eugineer, who must take into consideration the reliability 
of the various types available. In some instances the relays 
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ai« used aimply to operate tell-talcB or signal lamps, by which 
the attention of the operator is called to the action of the coi>- 
responding switches or other ap- 
paratus. 

A relay consistB of a mechanism 
operated by a solenoid which is excited 
directly or indirectly by the current of 
the line to be guarded. The mechanism 
carries a set of contacts which open or 
close a corresponding set of fixed con- 
tacts as the ease may he. A relay 
adjusted to a certain time element 
possesses a special mechanism to ac- 
complish this adjustment. The ex- 
citing mechanism generally consists of 
a solenoid with a core, while in other 
cases it is a movable armature winding 
similar to that on a motor, or it may be 
constructed as a wattmeter. Still 
others are operated by clockwork. 
There are two pairs of metal contacts, 
one movable and the other fixed. The 
fixed contacts are either in shunt with 
the operating current, being closed un- 
der normal conditions, as in the case 
with an a,c. excited trip coil, or they 
are in series with the operating cui- 

rent, being open under normal condi- Pio l37.~Tinw-Umit 
tions, as is the case witli a trip coil Overload ReUy. 

excited from an independent d.c. source. The fixed contacts 
are bridged by the movable set. 

Fig. 127 is a section through a single-pole time-limit over- 
load circuit-closing relay, as made by the General Electric Com- 
pany. The bellows on top are used to adjust the time element, 
by r^ulating with small set-screws the air passage from the 
bellows through a small channel, at the moment of the upward 
motion of the solenoid core. By combining two or three single- 
pole relays we may obtain a double or triple-pole apparatus. 
Instantaneous relays are aimilarly constructed with omission 
of the bellows. An arrangement of oil switches with various 
types of relays for a large power station is given in Fig. 128. 
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CHAPTER XVII 

FOTENTIAI. BSani.ATOBS 

A POTENTIAL regulator is a device intended to mamtain a con- 
stant e.m.f. of the generators or feeders, independently of load 
and without disturbing the e.m.f. of other parts of the system. 
Two kinds of regulators are to be distin^iiahed, the Tirrill 
i-egulators which maintain a constant e.m.f. of the generators, 
and the feeder regulators which maintain a constant feeder 
e.m.f. 

TIBBILL ^SGULATOBS 

This apparatus regulates the e.m.f. of the generator by vary- 
ing the field strength with the load. There- are two types, of 
which the first regulates the voltage of shunt and compound- 
wound machines, while the second regulates the pressure of 
machines requiring a separate exciter, the latter being appli- 
cable to both d.c. and a.c. machines. Fig. 129 shows the ele- 
mentary connections of a regulator {type T. D.), for a com- 
pound-wound machine. The regulation is accomplished by 
automatically throwing the field rheostat on or off the circuit. 
This eliminates the variations in the machine voltage due to 
variations in load by decreasing or increasing the field strength. 
The mechanism consists of a main control magnet energized 
by current from the main busbars, or from the center of dis- 
tribution. In the first case it is desired to regulate the voltage 
on the busbars, while in the second case such regulation de- 
pends upon a given valne of the pressure at the load center, 
whence we have direct or indirect voltage regulation. The 
magnet actuates a lever carrying a contact stud at its free end, 
opposite to a fixed contact. A spring opposes the action of the 
magnet which is adjusted so that at the required voltage the 
lever will vibrate under the action of both magnet and spring. 
This vibration of the lever opens and closes the main contacta, 
which causes an opening and closing of a pair of relay coo- 
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tacts, of a cUffereDtiul rela^'. The i-ela.v consiBts of two 
equivalent windingfi. wound opposetl to each other, both bein;; 
in shunt with the main current, but one being energized per- 
manently, and the other only at the closing of the main con- 
tacts. When the main contacts ai-e opjpn, there is current 
through only one of the relay windings, the relay is magnetized, 
attracts an armature, and opens the relay contacts. With the 
cloeing of the main contacts, there is also current through 
the second relay winding, and since the windings are opposed 
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Fto. 12B.— Dlagruni of CoDiiectioD of aTlrriil 
Regutalor for Direct Current. 

to each other the relay becomes demagnetized and the armature 
closes the contacts under action of the spring. The effect of 
opening and closing of the relay contacts causes the field rheo- 
stat to be thrown on or off, the time element of action for either 
closing or opening being dependent from the momentary fall 
or rise of the pressure on the busbar or feeder as the case may 
be. Id order to prevent arcing between the contacts, these 
are connected to a condenser set. 

Fig. 130 is a wiring diagram for a Tirrill regulator connected 
to two generators in parallel, which supply a three-feeder sys- 
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tem. The size of the control resiBtance in the magnetic circuit 
is varied according to the reqaired voltage. If a 125-volt gen- 
erator, for instance, is to generate 110 volts, binding post No. 
14 on the reBistance box is joined to binding post No. 1 on the 
regulator. Tables made for each regulator give the binding 
posts to be used for the required voltage. An adjustment of 
the spring opposing the magnet must be made for the required 
voltage, so that vbeo this pressure is reached tbe main contacts 
will vibrate properly. If tbe voltage at the load center or bus- 
bar drops, due to increase in load, the spring overcomes the 
magnetic pnll and closes the main contactB. which results in 



Pro. 180.— CoDDectlon of Tirrill Regulatore for Three- Wire Sjstem 
for Direct Current, 

demagnetizing the relay and closing the relay contacts that 
Bhort-circuit the field resistance. The voltage is then allowed 
to rise until normal conditions again prevail. These fluctua- 
tions are quite rapid, so that as a matter of fact the voltage is 
kept at a constant value. 

Tirrill regulator (type T. A.), for regulating the voltage of 
separately excited machines, is similar in operation to type T. 
D. in that it regulates tbe impressed exciter voltage with 
fluctuations of the load. The variation of the exciter current 
!a made with constant field resistance by short-circuiting the 
a.e. field rheostat, so that the impressed exciter voltage is at all 
times the same as the voltage across the terminals of the exciter 
itself. The regulator therefore influences the generator field in- 
directly, and the shunt field of the exciter directly, the last 
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similar to the actian of t;pe T. D. on the generator field. A 
further similarity between this type and type T, D. is that it 
throws the shunt rheostat of the exciter on or off, by means of 
u main control magnet, main contacts, differential relay, and 
relay contacts. The two types differ in that the second main 
contact piece, instead of being fixed as before, is fastened in the 
T. A. type to a lerer actuated from a.c. solenoid core. Two 
windings, one a potential and the other a current winding, 
make up the a.c. magnet, which receives current from trans- 
formers joined to the busbars or feeders. See Fig. 131. With 
d,c. generators (he transformers ai-e of course omitted, the 




Fio. 181.— Diugmm o[ Couiieriiuii uf a Tirrill Regulator 

for Alternating Current 

potential windings being connected directly to the busbars or 
load center, while the current wiudiug is joined to the line 
through a resistance. Current is supplied to the main magnet 
by the exciter, and the magnet works on a lever on whose 
further arm one of the main contacts is fixed. Four springs, 
fastened to different points of the lever on tbe side of the main 
contact, oppose the action of the magnet. They come into 
action consecntively according to the position of the lever, that 
is, according to the value of the exciter voltage. 

The adjustment and action of the springs and magnet is 
such that the rise of the contact piece is directly proportional 
to the change !n the exciter voltage. Since the latter is in fact 
a flnctnating e.m.f. dne to the variation of load on the gen- 
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erutor, the lever witli the iiiain contact is set vibrating under 
this influence. The maximum amplitude of vibration is 1-16 
inch. The position of the upper contact is, therefore, de- 
termined by the exciter volta^. The winding of the a.c. mag- 
net is supplied with a current whose value is at all times pro- 
portional to the generator voltage. The solenoid pulls the 
laminated core upward. This core is attached to a lever on 
whose outer arm a counterweight is applied, and the second 
stud of the main contact pair is also fastened on this end. The 
motion of the core is damped by an oil brake. 

For a given generator voltage the position of the second 
contact is determined by the position of the core in the solenoid 
and the size of the counter weight. Since a different ele<^tro- 
motive force is applied for each different position of the core 
in the solenoid, under the same generator voltage, a jiosition of 
the core is chosen which will call the maximum electromotive 
force into action at the moment when the contacts are closed. 
The upper contact is kept to position by the exciter voltage 
which corresponds under normal conditions to the required 
generator voltage. The counterweight is so chosen that it will 
exactly balance the weight of the core and the electromagnetic 
pull on the core at the moment the contacts are closed. The 
sum of the moments acting on the lever must be zero for the 
required generator voltage, so that the system is in equilibrium. 
As soon as the lever is changed from this position, the electro- 
magnetic pull acting on the core is changed. It, in fact, be- 
comes less, 80 that the moment due to the weight of Ihe core 
predominates in all other positions of the core. The lever, 
therefore, is in unstable equilibrium for the voltage in question. 
If the load on the generator is changed from zero to maximum, 
and the exciter voltage varies at the same time from minimum 
to maximum, the upper contact is shifted about l-lfi inch. 
Since the solenoid lever remains in contact with the upper 
stud, and since the shifting of this stud is very slight, the lever 
may still be considered to lie in equilibrium as long as the 
generator voltage remains constant. Should the generator 
voltage drop, the moment due to the weight of the core pre- 
dominates, producing clockwise motion. If the generator 
voltage risefl above normal vnlue. the magnetic pull increases 
and the lever is under the influence of a counter-cIorkwiBe 
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moment. It muBt be borne iu mind that the soleuoid level- was 
adjusted to maintain equilibi'ium for a given generator voltage. 
The following example may serve to illustrate the action of 
the complete apparatus. Let it be assumed that the constant 
voltage of the system, as expressed in the voltage of the 
secondaries of the pot^tial transformer is 110 volts, hiid that 
the load and speed of the generator are constant, so that the 
vibration of the contacts is uniform. The core of the solenoid 
is set for the given voltage. Let us start with the time element 
during which the exciter field rheostat is short-circuited, as 
represented by Jt, in Fig. 132, that is, when the main contacts, 
and hence the relay contacts, are closed. During this interval 
the current D of the shunt-fleld winding of the exciter rises,- 




Fio. 183.— Curves Sliowing PerformaDce of a Tirrlll Regul&tor. 

caasing the exciter voltage C to increase, which in turn iu- 
creases the exciter current Band the effective generator voltage 
A. The values are changed, but are displaced in phase on ac- 
count of self-inductance. The upper contact moves upward on 
account of the rise in exciter voltage. As long as the generator 
voltage remains below 110 volts the solenoid lever in subjected 
to a clockwise movement, causing the lower contact to rise also, 
and press against the upper one. When the generator voltage 
reaches 110 volts or more, the solenoid lever commences to turn 
in an opposite direction, therefore opening the main contacts. 
This occurs at the point t„ so that the exciter field rheostat is 
again thrown in. The upper contact continues to rise under 
the growing exciter voltage until the influence of the exciter 
field rheostat, now in circuit, becomes noticeable. The exciter 
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voltage begius tu fall off, and the upper contact reverses its 
movement. During this time the generator voltage continues 
to rifle above 110 volts. The lower contact is lowered until the 
generator voltage i-eaches a niaximuui value and commences to 
fall under the influence uf the falling exciter voltage. When 
this falling voltage reaches 110 volts And lefls, the motion of 
the solenoid lever is reversed, causing the lower contact to 
rise. The two contacts approach each other until they meet at 
the point tj, when the exciter field resistance is short-circuited. 
The tendency of the contacts to continue their motion is counter- 
acted hy a flat spring to which the upper contact is attached. 
The spring is bent, and both contacts follow the same eon- 
strained path until they are again separated. The motion of 
. the mechanism remains constant as long as the load and speed 
of the generator remain unvaried. All of these motions are 
very rapid. The larger the maximum resistance of the exciter 
field circuit on throwing in the field rheostat and the smaller 
its minimum resistance on short-circuiting the field rheostat, 
tbe more rapid will be the motions. The more rapid are the 
fluctuations in the generator field and io the magnetic poll on 
the solenoid core, the more rapid will be the motion of the 
mechanism and the opening and closing of the contacts. The 
greater the frequency of the contact vibration, the less the time 
allowed for changes in tbe exciter excitation, however, the less 
will become the fluctuations of the exciter and generator 
voltages. And finally, the greater the frequency of the gen- 
erator excitation, the more rapidly will the voltage fluctuations 
due tn the toad variations, be removed. These conditions, 
therefiire. call for as high a maximum resistance and as low a 
minimum resistance as possible in tlie exciter field. The mini- 
mum resistance is kept to a low value by short-circuiting the 
a.e. field rheostat. The maximum resistance, on the other 
hand, is obtained by setting the exciter field rheostat to a 
value, which, when permanently connected to the exciter, will 
reduce the generator voltage to Tvom 40 to fi5 per cent, of its 
normal value. Any change in the loud or speed of the gen- 
erator will result in a disturbance of the uniformity of the 
contact vibration, which will last as long as tbe voltage 
fluctuation continues. For instance, under rise of load and 
fall of voltagp, the solenoid lever umvcs in a clockwise direc- 
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tinn, which closes the main contacts and short-circnits the ex- 
citer field rheostat. It is seen therefore that the regulator 
brings abont an immediate rise in the exciter voltage so that its 
generator voltage reaches its noruiul value in the shortest pos- 
sible time. As soon as the e.m.f. rises above 110 volts the con- 
tacts are opened and the normal vibration commences. The 
voltage fluctuation under normal conditions is so rapid and bo 




Flo. IBS.— Cooitection of Tlrrill IteKUlator with One Alternator. 



small that the normal voltage of 110 may be considered prac- 
tically constant. 

Fig. 133 shows a diagram for connecting a T. A. regulator 
to a generator, the voltage of the busbars being kept constant. 

If the generator voltage is to be increased by a certain 
amount, although the solenoid lever is set for 110 volts, the 
series coils of the solenoid may be connected in series with 
the potential coils, so that the two windings are opposed to 
each other. This does away with the series transformer. Both 
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windings are excited by the same current which before sup- 
plied the potential coils.alone, with the result that the effective 
electromagnetic pull becontes less by an amount corresponding 
to the decrease in the number of effective ampere-turns. The 
decrease depends upon the number of series turns opposing 
shunt turns. The action of the decreased mngnetic pull on the 




Fia. 184.— Cuanectiou uf Tirrill Rej^iltiUir with Four Alleroatora Id Multiple. 

core and lever is the same as would be that of a decreased gen- 
erator voltage. The result is an increase in this voltage of as 
great a percentage as the percentage decrease in the effective 
windings of the solenoid. 

If the voltage of the system or of a single feeder is to be kept 
coDstant, the current winding is joined to the secondary of a 
series transformer connected to the feeder in question. When 
the generators are in parallel, and are excited by the same ex- 
citer, their voltage can be kept constant by a regulator joined 
to the exciter busbar, and also through transformers to the 
main bus. 

Fig. 134 shows a system of connections for a regulator with 
several generators and exciters. AH of the control rheostats 
are connected in parallel with the relay contacts and are short- 
circuited simultaneonsly. Any one of the exciters can be dis- 
connecte<l from the regnhitor at will. Resistnnces nre intro- 
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dnceil into t)ie i-egulator leads in order to prevent eqaalizing; 
L-urrentB. If it is not deBired to connect the exciters in parallel, 
but that ea( h exciter work directly on the field of its (tenerator, 
then the field-windinge of the exciters nre connected in parallel 
with each other, and also in tteiieH ivifli a lontnion i-esistance. 
which is influenced by a Tirrill recnlatoc. (See Fig. ISri.) Only 




Fio. 13S. — Cooaectiuu of Terrill Kegulutor wltb Tno Alteruatoni and 
Separate Exciters. 



one of the two regulators \% in use at any given time, the other 
serring as a reserve. 

For exciters with greater shunt-field cari-ents, Tirrill 
regulators are used with a number of relays and corresponding 
switches, to avoid sparking at the relay contacts. 

FEBnESR RBOULATOBS 

One of the most important considerations in an a.c. lighting 
system is to keep the voltage in the main feeders constant. 
Since these feeders are subjected to a constantly var>'ing load, 
an efficient r^ulation of the individnal feedeif given an effect- 
ive regulation of the entire system. Theuse<if feeder regulators 
is of particular value for incandescent lighting systems, where 
it is essential that all the lamps should burn with etpinl bril- 
liancy. When the i^nerator supplies only a single circuit, the 
line volti^ can be kept constant hy regulating the generator 
voltage for the given line b)SB. This would 1m' impossible where 
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there are a number of cireuitH to deal with, uulesB all of the 
circnitB have the same line loss. Under suc-b vonditious the 
best that can be done is to regulate the generator pressure for 
the average line drop, so that the pressure in some of the feeders 
will be higher than io others. An inde[>endent voltage r^- 
ulatioQ of the circuits is made possible, however, bv insert- 
ing feeder regulators in each feeder. 

The action of the feeder regulator is similar to that of a 
transformer, or rather compenNatnr with two distinct wind- 
ings. The primary is connecti-d in sliunt and the Hwondary in 
series with the feeder to be (oiitrolled. The pnHluct of the 
voltage and current on the busbar side is e;|ual to the 
corresponding product on the feeder side of the regulator, 
with a sligbt correction due to the loss in tbe feeder. Fig. 136 
shows two diagrams of connections for boosting and reducing 



Fio. 136.— Booittiitg aad Lowering bj » Poteatinl Itegulntor. 

the feeder pressure for a eingle-phaae line, given a 100-volt, 
100-ampere circuit, and a regulator whose range is 2(1 per cent.. 
that is 10 per cent, boosting and It) per cent, reducing, neglect- 
ing the losses in the regulator itself. With a rise of feeder 
voltage a part of the current goes back to the line through the 
primary winding, and this amount is deducted from tbe useful 
current in the feeder, while an increase of current results from 
a drop of pressure. It is important to distinguish between 
regulators and control resistances or reactances. The latter 
reduce the voltage by absorbing it. For since their windings 
are in series with the line, the current at both ends must be 
the same, so that thci-e is a loss in voltage. Tbe product of 
amperes by tbe difference in pressure across the ends of the 
winding represents a loss, and since the regulation of the car- 
rent in the feeder is made to depend on this loss tbe result is a 
low eflflciency. 
Feeder regulators may W divided into switch or control 
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regulators aad iuductian regulators, the latter being single or 
polyphase. The; are all subject to manual or automatic 
operation. 

SWITCH OB CONTROL RE0ULAT0B8 

A switch or control regulator is a transformer with both 
windings on the same core. The primary winding is connected 
across the feeder, and the secondary is in series with it. The 



Via. 137.— Dial Swiicli Feeder KcKUltilor. 

secondary can be gradually thrown on or off the line by a dial 
switch, upon which fact the operation of this type of regulator 
is based. Fig. 137 shows the external casing, and Fig. 138 
shows the internal connections of a type C. R. regulator. (G. 
E. Co.) In the position of maximum boost the dial switch is in 
the extreme teft-haad position, where all secondary windings 
are thrown into circuit. By turning the switch from left to 
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i-i{;tit the wiudiugB are tlii-own out, oue by oae, uutil the}' are 
all lihort-circuited in the extreme right-hand position. At thin 
point tlie line voltage is the same as that on the generator side. 
With a continued motion of the switch in the same clockwise 
direction, a reversing switch is antomatically thrown, causing 
the dial switch to cut the secondary' winding in again step by 
step, and so lower the generator voltajje. Two complete rota- 
tions of the dial switch are therefore possible, one for boosting, 
and the other for lowering the feeder pi-essui-e. At the posi- 
tions of maximum or minimum voltage the direction of rotation 
must Ik' ifversed. In the extreme positions the switch is auto- 
maticnlly un-ested to prevent it from turning too far in the 
same direction. Tlie change in feeder voltage is therefore made 
step by step. The precision of regulation depends upon the 
Dumber of contacts or taps on the secondary. Great precaation 




Flo. 138— Inlcnml Connection of Dial Switch Feeder Itegolator. 

is necessary in breaking tbe circnit, while the dial switch is 
moving from one contact to another, as adjacent coils must not 
be short-circuited. The regulator may also be driven by a 
motor, being controlled from the switchboard by a small re- 
versing switch. This type is air-cooled. 

Another form of switch regulator is given in Figs. 139 and 
140. This is an oil-cooled transformer with both windings on 
one core. The coils are suspenilcd from the cover. The switdi 
resembles a controller in f.,:.;.. The device consists of a 
stationary drum on which are fastened the contacts for the 
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vai-iuuu coiU «f th« aetondarj' winding. Inaide the statiouar.v 
tlruiti \» a second one on wbicli is mounted a row of collector 
rings insulated from eacti otber. A set of metallic flngere of 



Fio. 189 — Conlrolliug Mecb&nism of Coiiirolkr 'I'ype Regulntor. 

different lengths make permanent contact with the collector 
rings BO that when the vertical axis of the regulator is rotated, 
the Sngeni move on the upper faces of the contact pieces. The 
rings are connected in parallel through protective resistances 
and are Joined in series with one end of the feeder. The otber 
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end of the same feeder is permanentlj connected to the middle 
point of the secondary. Regulation is accomplished by con- 
necting the finger switch to a rotating flywheel by a horizontal 
hevel gear and two vertical pinions. A magnetic clutch keys 
one or the other of the pinions to the flywheel shaft, on which 
they ran loose, according as boosting or depressing is re- 
quired of the repnlator. The flywheel is actuated from a rotat- 



Fio. 140.— Inteniri ConaecUou ol Controller Type Regulator. 

ing shaft which generally serves for operating a series of 
regulators. The magnetic clutch excitation is controlled by a 
contact-making voltmeter, quite similar to the a.c. solenoid and 
lever discussed under Tirrill regulator type T, A. 

Fig. 141 shows the connections of the contact-making volt- 
meter. The apparatus consists of a solenoid whose core 
actuates a lever. A spring at the farther end of the lever op- 
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poses the magnetic pull of the core. The lever is eounerted 
with one side of the d.c. source of energy (see Fig. 1^2), and 
vibrates between two contacts whicli are connected to the 
armatures of the magnetic clutches. A potential and a current 
winding, fed by shunt and series transformers in the feeder to 
be controlled, make up the solenoid. The current windings 
can be partly cut in or out by a dial switch, thus limiting the 
regulation to a flsed value. The direction of motion of the lever 

Co/ineceiens 



Fia. 141.— ConnectioDS of Cou tact -Muk fug Voltmeter. 

determines which of the two magnetic clutches is to be excited 
and therefore controls the direction of rotation of the hori- 
zontal bevel gear. A limit switch opens the circuit for the 
magnet in the extreme position of the finger snitch of the 
regulator. 

The efficiency of this regulator is very high, reaching almost 
1(H) per cent. Since the motion is imparted to the small finger 
switch the moment of inertia and turning moments of the 
movable parts are small, so that the time element of the 
apparatus is very short. Moreover, quite precise regulation is 
obtainable because of the larjre number of contacts. Switch 
regulators are used for single-phase leads rated at less than 300 
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amp. at 2200 volts, 60 cycles, and with regulating range of 10 
per ceut either way, making a total of 20 per cent. 

The Westinghouse dial type " step by step " regulator is bnilt 
on the same principles as the General Electric device jnst 
described. The only difference is that with the former type 
the dial switch is mounted on tbe board away from the trans- 
former to which it belongs, and the individual taps of tbe 
transformer secondary are joined by leads to the contact studa 
of the switch. These dial switches can be used directly for cur- 




Fio. 148.— External Connei-lbn ot Coutrgller Type 
Regulutor. 

rents of 100 or 200 amp. For larger values a series trans- 
former is used, in addition to the regulator transformer. They 
can also be used for service voltages up to 2500, and for 
voltages from 3300 to 6600 they are employed in connection 
with aeries transformers. The primaries of the regulator 
transformer are shunted across the line, while the secondary 
taps lead to the dial switch. The secondaries of the aeries 
transformers are in series with the line, and two leads from the 
primaries are connected to the dial switch. 

The Weatinghouse drum type "step by step" potential 
regulator likewise consists of a fl(">"rate control switch an1 ?. 
regulator transformer. The <'ontroller ia similar to the kind 
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used for electric street railfray service. It co&siatB of a cast- 
iron top and base held together by steel bars. Two of the bars 
carry the insulated contacta of the controller to which the 
transformer leads are connected. Inside the casing there are 
two revolving dmniR with their respective sets of fingers, one of 
which acromplishes the switching on or off of the transformer 
secondaries, while the other serves to reverse the regulation; 
i. e., according as a boosting or lowering of the voltage is 
called for. A aoK-alled " floating coil " is osed for the large 




Vm. 143. — ArrftDgemeot of Primtuy (AruiiUurel and 
Secondar; (Field) Cores and Wludiogs In Single- 
Phaae Feeder induction Regulator. Armature in 
Haximum Loneriog Position. 

number of steps of this regnlator. It is simply an independent 
part of the secondary winding having a large number of well 
insulated taps. These taps and the whole floating coil can be 
connected with the rest of the secondary winding in a great 
many different ways. Precise regulation of the voltage is there- 
fore possible with a maximum degree of freedom from arcing 
when cutting the windings in and out. 

INDUCTION BE0ULAT0B8 

The operation of these regulators is based upon a principle 
of regulation somewhat different from those discussed till now. 
The primary and secondary windings are respectively sbonted 
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a<-i*uss iiiiil iu soiit's will) llii> iiiiiiii line ii» iM'rui'i', but thev are 
wound uu sopiiratc .oii's. Tlic wcoiidary is wound on the 
inner sui-race of a staliuiiaiy imv, while the pi-inmi'v is wound 
on the outside of a movable i-orc. Itoth windings are polar 
windings, and are so niouuted that a given pole of one winding 
lies opposite to tlie same pole of the other. The regulation de- 
I>ends upon the displacement of one of the poles i-elative to the 
stationary pole. As long as two similar poles lie opposite each 
other the regulation is at inaxiinum lioowt, but as soon as they 
become displaced, so that dtfKtinihir poles ni-i- adjacent, the 



Fill. 1-14. — Curves Sliowing Boosting and Lowering 
of Ferdcr Voltage by IrKluctioti Regiilalor. 

regulation drops nntil it i-eaches its lower value. The regula- 
tion with this type of apparatus is gradual. Two types of in- 
duction regulators may be distinguished, namely single-phase 
and polyphase. 

SINGLE-PHASE INDITTION REGrr,.\TORS 

Fig. 14.t shows the arrangements of primary and secondary 
cores and windings in single-phase induction feeder regulators. 
The primary flux and conse(|uently the flux through the second- 
ary coils has a constant direction with respect to the movable 
core, namely perpendicular to the plane of the primary wind- 
ing. As the core is rotated grndiially the relative direction of 
the primary flux to the fixed secondary winding is varied and 
produces a gradually varying e.m.f. in the secondary, from 
the maximum positive, through zero, to the maximum negative 
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value. In the position wbere the direttion of the primary flux 
is opposed to the secondary flux, the voltage generated by the 
primary in the aeeondary is added directly to the line voltage, 
but ia subtracted when the direction of the flux is the same. In 
any intermediate position of the primary winding, the primary 
flux, and consequently the flux in the secondary coils, is propor- 
tional to the angular position of the core. The generated e.m.f. 



Fig. 14S. — Siiiglc-Pliusc lodiictioii Regulator. 

is. however, always in phase with the excitation, and is there- 
fore added directly to or subtracted directly from the line 
voltage. A» shown in Fig. 14.1, the rotary core contains a short- 
circnited winding arranged at right angles to the shunt wind- 
ings. Its object is as follows: In the positions of maximum 
boost or lowering, the primary flux neutralizes that of the 
secondary, for the fluxes arc then in the same or opposite direc- 
tions. With the armature in the neutral or no-boost, no- 
lower position the flux produced by the current in the secondary 
passes equally on either side of the primary coils, which can 
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not therefore neutralize the Atix doe to the secondary. The 
secondary duz sets up a self-inductance in the windings which 
reaches its maximum with the neutral position of the primary 
coils. This self-inductance of tbe secondary, if the line current 
is constant, requires a gradually iocreasing e.m.f. to maintain 
the cnrrent through the series windings. The voltage so 
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Pio. IW.— Conneclion of Aulomallcnlly Operated Single-Pliaae InducUoD 
Resiilutorn. 

absorbed would be at right angles to the line voltage, and the 
result would be a poor power-factor in tbe feeder. The short- 
circuited coil on the armature, however, which is in direct in- 
ductive relation to the series coils when the armature is in the 
neutral position, acts as a short-circuit on the secondary wind- 
ing, and therefore reduces the voltage necessary to force full 
load current through this winding to only a trifle more than 
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that represented b; the resistance drop across the secondary 
and short-circuited windings. This sbort-circaiting of the 
secondary is gradaal from zero in the maximum boosting posi- 
tion of the regulator to the maximum short-circuiting in the 
neutral position, so that bj the combined effect of the primary 
and short -circuited coils the reactance of the secondary is kept 
within reasonable limits. The total ampere- turns of the 
primary plus the ampere-tnmB of the short-circuited windings 
are always approximately equal to the ampere-turns of the 
secondary. Fig. 144 is a graphical representation of boosting 
and lowering of feeder roltage by induction at no load and full 
load. The exterior of the regulator is shown in Fig. 145. The 
device is operated either directly by hand, or by chain and 
sprocket, by hand-controlled motor, or automatically. If 
automatically operated, the actuating motor should be of the 
polyphase type. The motor is controlled by means of a small 
double-pole double-throw switch which is automatically thrown 



Pio. 147.— Change of Phsao ReliiUon In 
Polypbaae IiiductioD Regulfttur. 

in by a small magnet, energized through a contact-making 
voltmeter. 

Fig, 146 shows connections for an antomatically operated 
single-phase induction regulator. The action of the contact- 
making voltmeter is similar to that described under Fig. 142. 
The up-and-down motion of the armature controls the excita- 
tion of the two coils of the relay switch magnet, and the 
regnlator Is operated by the motor in either direction. 

POLYPHASE INDUCTION REGULATORS 

The general construction of polyphase induction regulators 
is similar to that of the single-phase type of apparatus. The 
primary shunt-windings for the different phases must be 
Identical in every way and arranged so that the various wind- 
ings magnetize a given pole of the regulator in the same direc- 
tion. Ttoth windings are wound on their cores like the wind- 
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iogs ou an induction motor. With the polyphase type the field 
is not an alternating one as in the single-phaBe apparatus, bat 
is rotary, and the speed of the rotation of the field per pole is 
the same as that of the generator. The value of the e.m.f. 
generated in the secondary is not changed by the motion of 
the primary coils, but the phase of both voltages is displaced, 
which changes the value of the load voltage which is the re- 
saltant of the two. In other words, both coils set up rotating 
magnetic fields in the same direction. The e.m.f. generated 
in the secondary is determined in value and phase by the value 
and phase of the resultant field. Since the absolute values of 




Syn. Conver+er. of r,C. 

Fio. 148.— Connection of a PulypliRsc Induction Regulator nilb 
Rjnclironous Converter. 

the magnetic fields do not change, their resultant value, and 
conaeqnentiy the absolute value of the generated voltage, also 
remains constant. It does change the phase position of the 
resultant field, however, and hence the phase of the secondary 
voltage relative to the line pressure. The resultant line voltage 
is the vector sum of the generator and generated voltages. The 
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diagram in Fiy. 147 Bhows the change of phase relation for thia 
tyite of I'egulator. 

Let EO repi'esent the normal e.m.f. of a certain primarj- 
phase botli in value and in time-phase position, let the radius of 
the arc ABO represent the constant roJtage generated in the 
secondary phase winding of the regulator. With the primary 
coil directly opposite the secondary coil of the same phase, the 
voltage generated will he in reverse phase with that impressed, 
and will be represented by OD. The regulator will lower by 
the maximum amount, and the difference, ED, is the resultant 
feeder voltage. Since, however, the primary is rotated out of 
this position, the secondary winding considered will be par- 
tially excited by the next winding on the armatures, so that the 
voltage generated is not deducted directly from OB, but at 
an angle, as OC, and the feeder voltage is a resultant of EO 
and OC, or EC=EX. In a position of nearly 90° from 
the maximum lowest, the regulator will be neutral or no-boost, 
no-lower position, completing the full range of 180°, the arma- 
ture is in an opposite field, of the winding surrounding the dis- 
similar pole, so that the secondary voltage, in phase with the 
primary, but in the same direction and the regulator is boost- 
ing. The resultant EA represents the maximum boost voltage. 

Due to the rotation of a similar field produced by the cur- 
rents in the series coils, the currents in the shunt-windings are 
constant, regardless of the position of the armature. For a 
given line current, the currents in the shunt-windings are 
taken from the line, or are delivered hack into the system as the 
armature is rotated from maximum boost to maximum lower in 
the same phase relation as represented by the secondary voltage 
generated. (Ree Fig. 136.) The arrangement and operation 
are the same as for single-phase regulators. They are used in 
lighting systems to regulate the voltage in the feeders, and also 
in connection with synchronous converters. (Ree Fig. 148.) 
Induction regulators are either oil. air, or water-cooled, depend- 
ing upon the capacity, pressure, and frequency of the line in 
which they are inserted. 
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OOITSTAirr-CirBBENT SYSTEMS 

In aerieH a.c. eystems for arc and iQcandescent ligbting it is 
necessar; to maintain the current valae of the circuit at a cod- 
Btant value regardless of tbe Dumber of lamps. This main- 
teDance is brought about by a constant-curreDt tranaformer. 
The principle of the device depeoda upon the relative linear 
shifting of the secondaries with respect to tbe stationarj 
primaries. Witbin certain limits the repulsion between the 
fixed and moving coils for a given position is directly propor- 
tional to the current in the coils. The transformer may be set 
for a given current value by adjusting a counterweigbt so as 
to balance the movable coil for a certain position. 

Fig. 149 shows the interior connections of a 50-lamp air- 
cooled constant-current transformer, and one for 100 lamps is 
given in Fig. 150. Apparatus rated up to and inclading 50 
lamps are built with two flat coils enclosing the central core. 
The lower coil, which is the primary, is fixed in position, while 
the upper one is suspended from the two inner arma of a 
double lever and can move freely along the central core. The 
outside arm of the lever carries a counterweigbt of such value 
that it will exactly balance the weight of the secondary coil 
minus the electrical repulsion due to the normal currents in 
the coils. Therefore, if tbe weight is reduced the current value 
is raised. 

The 76 and 100-lamp transfonners shown in Fig. 150 have 
four coils, two primaries and two secondaries. In the 75 and 
100-Iamp oil-cooled apparatus, and the 75-Iamp air-cooled trans- 
formers the two primary coils are fixed at the extreme upper 
and lower ends, while the secondary coils are free to move up 
and down along the central core. The 100-lamp air-cooled 
transformer is arranged with the secondary coil stationary, 
and the primary movable. The two moving coils are balanced 
one against tbe other, and the counterweight serves merely to 
IH 
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draw the coila together in opposition to their repulsion force. 
A decrease in the counterweight produces a decrease in the 
current. The arc on the counterweight lever is made adjustable 
because the repnision exerted by a given current in the coils is 
not the same for all positioiiB of the coils, being greatest when 



Fio. 146. — InterDsl Arrangement of ad Air-Cooled t'oustuiii-l'iirreni 
Tmularmer with One Primary and One Secondary Winding. 

the primaries and secondaries are close together. Bv means of 
the adjostable arc, the effective radius of the balancing weight 
is made to change as the coils move throngb their working 
range. When the current value is reduced below the normal 
the mutual repelling force dimiQishes and the primary and 
secondary coils approach each other, thus reatoring normal 
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cuiTent. The opposite iictiuD oaiirs when the secondary cur 
i-ent exceeds normal. Tlie transformers, therefore, maintnin 
the constant current for which they are set, regardless of Ihc 
exteitial resistance to which the coils are connected. The ef- 
ficiency of these transformers at full load with arc lamps at 
60 cycles varies from Dti per cent, for the 100-lamp type to 94.fi 



Pm IJU.— lull' mill Ari-iingfiiiL'tit of tin Air-CiHilwi Coiis(.inl-Ciirn;iit 
Truiiafoiiimr with Two Primnry and Two Secoudnrj-Wimlings. 

per cent, for the i;r>-lanip type. The two primary coils of the 
75 and IllOlainp apparahis arc <onnected in series for 2200 
volts, and in parallel for 1100 volts. .\h exception to this con- 
nection is found in the lOO-lamp transfonner in which the 
coils arc arranjted with a nnnil>er of taps for use under partial 
load and full power-factor. These transformers are bnilt for 
1100 or SHOO volts, and the connecticms of the primary windings 
must not bi' changed. Wifli the larse transformer with two 
secondary loils. each of these coils is connected to its own ctr- 
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cuit, wtile with the small type all lamps are connected in 
series on the same circuit. 

The coDoectiona of a transformer having two primary and 
two secondary wiadings (75 or 100 lamps) is shown in Fig. 
151, together with the circuit and switchboard. The primary 
side is connected to the outer circuit by primary plug switches. 
In a similar manner the individual lighting circuits can be con- 
nected with the transformer secondary, or can be short-cir- 
cuited by means of a series of plug switches. The series trans- 
former for the ammeter is connected into the desired circnit 
through an ammeter jack. The front and side elevationfi of the 




Pis. 162-— Conntciion ot 100-Lamp ConatanVCurrent Transformer with Two ■ 
SecoDdarf Coils and Taps for Partial Load BtFull Load Power Factor. 

hoard show the manner of mounting the plug switches and in- 
struments together with their transformers and resistances. 

Fig. 152 is the diagram of a 100-lamp transformer with 
lirimary and secondary windings provided with taps used for 
partial load at full power-factor. The connections of the in- 
struments are omitted in this figure, but they are the same as 
those in Fig. 151, 

In accompanying tables the connections for the different 
taps are given for different values of the load. 

Each transformer calls for the following equipment: 

1 ammeter. 

1 series transformer (which may be omitted on boards for 
less than 35 lamps). 
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1 ammeter jack plug with ueireasary leads (for boards con- 
trolling 2 lighting circnits). 

4 ammeter jacks (for boards controlling 2 lighting circuits). 

li nets open circuiting plugs and receptacles (for each light- 
ing circuit). 

1 set short-circuiting plugs and receptacles (for each light- 
ing circuit). 

2 primary plug switches with receptacles. 



2 plug racks for the reception of idle pings. 

2 primary fuses. 

The size of the fuses is such that they will protect the trans- 
former from short-circuit. The above equipment is mounted on 
a panel of blue Vermont marble 28 inches high, from 1(> to 20 
inches broad, and set up 36 inches above the floor. An extra 
watt-hour meter is often inserted in the primary circuit to 
indicate the total amount of energy delivered to the trans- 
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formers. This iostruiueut with its reuiHtam-e ih mounted on a 
base of tlie same width as the panel and 12 to IK inehea in 
height. 

The interior conBectioos and appearance of a Westing- 
house lOO-lamp oil-cooled conatant-ciirrent transformer are 
shown in Fig. 153. It lias one stationary primary winding and 




two movable secondaries, each of which feeds its own lighting 
circuit. Botli the primary- and secondaries are provided with 
taps for counection to different voltages (within certain 
limits) and to partial load at full power-factor. To set the 
apparatus for a given amperage, small weights are added to the 
main counterweight. In constant-current transformers for 25 
to 75 lamps with only one movable coil, an addition to the 
connterweight prodnceH a falling off of the current, while in 
the type for 100 to :!00 lamps with two movable coils, this 
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causes the curreat to be decreased in ODe coil and boosted in 
the other. 
Fig. 154 shows the connections of a lOO-lamp air-cooled 




Pio. 159.—Diagmm of Connection for Two aW 
Current TraDsformers for Bnlanced Load o: 

regulating tranaformer on a 8iDg:Ie-phase circuit. The connec- 
tions of the primary side with the outer line, and of the arc 
lamp circuit with the secondary, are made through oil switches. 
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The oil switches for tbe lamp circuits are a combination of a 
double and a Bingle-pole oil switch with separate handles, in 
which the donble-pole part serves to cut the lighting circuit in 
and ont, and the single pole to short-circuit the secondary 
transformer winding when starting and stopping. 

Fig. 156 gires the connections for two 200-lamp transformers 
on a three-phase circuit, feeding eight lighting circuits. A set 
of plug switches connects the two secondaries of each trans- 
former to the lighting circuits. There are also two primirics 
in each transformer. A three-pole oil switch connects the two 
transfotmers to the three-phase circuit. • 
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STABTINO OOMPSNSATOBS 

Induction or syncbroDouB motora require a starting current 
several times as large as their full load current. With motors 
rated at more than 5 bp. sucb a starttag current produces a 
cOQBiderable voltage drop and load variation in the circuit to 
which the motors are connected, and causea a disturbance in 
the general service. To prevent a rush of current during the 
starting period, starting compensators are connected In 
between the line and the motors during this interval. 

Oompensators for starting a.c. motors consist of inductive 
windings, one coil for each phase, which are provided with 
several taps and which supply a large current at reduced 
potential. Their effect is equivalent to that of a atep-down 
transformer, and the product of e.m.f. and current on the 
line circuit is approximately equal to the corresponding prod- 
uct on the motor circuit, bach coil is placed on a separate 
leg of a laminated iron core, and is provided with several taps 
to obtain a number of sub-voltages for permanent connection 
to the starting switch of the motors according to their require- 
ments. The three coils of the three-phase winding are con- 
nected in Y, and the line is joined to the three free ends of the 
coil by a controller switch, or for large machines, by an oil 
switch. During the starting period the motor is connected by 
means of the controller switch or a double-throw oil switch 
to the taps of the coil, and directly to the line during service. 
If the control switch connects the motor to the line, fuses are 
used to guard against ahort-circuit or overload, while if the 
oil switch is used, the switch itself provided with an auto- 
matic trip coil affords the necessary protection. 

Fig. 156 shows the induction motor and compensator con- 
nections for a three-phase machine. Fig. 157 Is a starting com- 
pensator built by the General Electric Company. The device 
■hown is used for mounting on the wall or a panel, and in con- 
808 
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uection n-itb smnll motors the controller is placed in an oil ves- 
sel at the lower part of the compenaator. In anotfaer type, used 




Fio. 1S6.— Connection of a Starting Compensator with a Sepftrale 
Automatic Swticli to Two.Plinse Induction Motor. 

for larger machines, it is mounted at the top. The lever of the 
controller has three positions, namely, " oflf,'" "starting" and 
" running." In the " off " position the compensator and motor 
windings are disconnected from the line, in the " starting " 
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poaitioD the switch connects the line to .the free ends and the 
motor to the taps of the compensator wiodiD^, and in the 
"ruuniog" position the compensator winding is cut out, 
and the motor is connected to the line through the fuses or 
circuit breaker, which are mounted directly above the com- 
pensator. 

Fip. 158 shows the connections of a thi-ee-pliase induction 
motor with a starting compensator and automatic oil switch 




Fig. 1.">9.— Connection for Starting a Number of Tlii-ee-Phas« Induc- 
tion Motors from One 3lartl[i,<.' Compensator. 

on the line side. In this diagram, the line is connected to the 
ends of each coil, and the starting connection of the motor to 
one of these ends and the tap. 

In Fig. ISO (hei-e are shown the connections fur starting a 
number of three-phase induction motors from one starting 
compensator, which is also joined to the line through an oil 
switch called a magnetizing or primary switch. The motors 
can only be started separately. 

An extract of an information label included with a General 
Electric starting compensator is given below : 
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" The following directiona apply whether the primary switch 
of the compensator iB placed in the compensator box or on the 
switchboard. With either arrangement a double-throw switch 
is placed on the switchboard to connect the motor to either the 
compensator or the line." This double-throw switch can also 
be included in the compensator box. 

To start the motor the following procedure should be ob- 
served: "Close the jirimary switch, and then throw the motor 
switch into the starting position. The motor should reach 
practically full speed in one minute with the switch in this 
position. Just before it reaches full speed, throw the motor 
switch into the running position and open the primary switch 
of the compensator. This primary switch should never be 
opened with the motor switch in the starting position. If the 
motor does not start immediately open both switches aud ad- 
just the compensator as follows: Connect the motor line in 
the compensator to the next higher connection on the coils, 
being careful to have all of the cables lead to corresponding 
taps on all the coils. If the motor fails to start again, connect 
the motor lines to the next higher taps and proceed as before. 
If it does not start with the highest tap cooaection, the load is 
either too great for the motor, or- the line voltage is low." 
Where separate oil switches are used, the same mode of pro- 
cedure should be followed. 
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LIGHTNIITa ABBEBTEBB 

LioHTNiKo arresters serve the purpose of protecting trans- 
missiou lines, machines and apparatus against the destructive 
inQuence of abnormal phenomena in voltage and freqaency. 
All phenomena of this sort are defined collectively by Dr. C. P. 
Bteinmetz as lightning. Such disturbances may be caused in 
three different ways. 

1. They may be the result of exterior occurrences, snch as 
electrical discharges between clouds or between clouds and 
earth. A special case of this is when the discharge strikes the 
transmission line. The influence of electrostatic induction of 
charged clouds or atmospheric strata and the collection of 
static charges from wind, rain, snow or mist is noticeable in 
the more or less dangerous phenomena observed in the rise of 
voltage and frequency. 

2. Interior processes within the circuits, machines and ap- 
paratus will cause the same phenomena in changes of pressure 
and frequency as the outside disturbances so that they are 
properly included under the term lightning. Such procefiises 
may be caused by load variations, opening and closing of cir- 
cuits, throwing machines into or out of circuit, or discbarges 
by faulty insulation, short-circuit or grounding. 

3. Interior or exterior lightning pheDomeoa may be serious 
or quite harmless in their consequences, but their appearance 
in a system carrying considerable energy, though unimportant 
in itself, may cause an abnormal surge liable to prove detri- 
mental to the installation. ' 

The phenomena resnlting from the canses just described may 
be classifled : 

1. A steady stress or gradual electric chai^. 

2. A strong impulse or travel ing wave, and 

3. A stationary wave or oscillation and sui^. 
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Under the first conditions a series of discharges takes 
place in the lighting arrester, or if this apparatus does 
not operate properlj, which is equivalent to its total absence, 
the insulation of the conduits is punctured at its weakest point. 
The harmful action, therefore, lies in the destruction of the in- 
sulation of the system and the serious consequences attendant 
upon short-circuiting or discharging thas made possible. It 
therefoi-e becomes a function of the lighting arrester to take 
care of an,v excessive pressure in such a way that no disturb- 
ance shall be created in the system. 

A strong impulse or traveling wave is generally caused by 
lightning striking a line or by discharge through arcing of ac- 
cumulated static electricity. It may also result from spark 
discharge, sudden variation of load, or switching of apparatus. 
At the instant of their appearance such waves may possess con- 
siderable potential, and their induence may extend over a 
longer or shorter portion of the line, depending upon the in- 
ductance and condenser capacity of the line concerned. If 
such a wave is propagated it may be partially reflected at the 
entrance to stations or at points of electrical discontinuation 
of the circuit. The reflected wave will often form a new 
wave with the traveling wave, varying at certain points from 
zero to twice the value of the original wave. This new 
wave is said to be stationary, A break in the propagation 
of a wave or series of waves at the entrnnce to a station is 
made evident by electrostatic discharges, sparks and arcing 
at the cables and switchboard. Moreover, oscillations or 
fluctuations of varying frequency will occur in the transmission 
lines which result from a tendency to re-establish equilibrium 
of the energ;v flow after a disturbance has taken place. The 
danger from these fluctuations increases with the amount of 
energy carried by the system. The frequency of the fluctuations 
depends upon the resistance, inductance and capacity of the 
line. 

The phenomena may occur singly or in combinations, one 
often causing the other. 

Dr. C. P. Bteinmetz defines the purposes of lightning ar- 
resters : 

1. As guards against the entrance or origin of disturbances. 

2, Ar prevention against spreading of disturbances. 
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3. And lis iiicuti» of taking up an existing disturbance and 
reDdenng it liarnilcss, without in any way affecting the system, 
i. e.. in i-egard to raising of voltage, etc. 

The phenomena with which we have to deal under abnormal 
pressure and frequency are of such complicated natui-e, both in 
respect to the size, length, and form of wave, and to the time 
and relative order of their occurrence, that It.has hitherto been 
impossible to design a protective device which will meet all 
the requirements imposed upon it, for given conditions of volt- 
age and energy flow of the system. The various devices in use 
are of value only under the conditions for which they are de- 
signed. The controlling factors in their construction are the 
voltage and energy of the system, the kind of load and the 
overhead and underground installation of the transmission 
lines. 

Of the devices tabulated below we will discnss only those 
occurring most frequently in practice, as their constant use has 
brongbt out some noteworthy improvements. 

The following are the most common forms of protective 
devices : 

1. Multigap lightning arrester without resistance, with series 
or shunt resistance, or with both. 

2. Horn arrester, with or without series resistance, and with 
or without fuses. 

3. Magnetic blow-out arrester. 

4. Electrolytic arrester: 

(a) Aluminum arrester, with or without gap. 

(b) Liquid electrode arrester. 

5. Choke coils. 

6. Overhead groupded wire. 

7. Overload switches. 

8. Water jet from line to ground. 

9. Coherer type. 

MULTIOAP LIGHTNING ARBE8TER 

This device consists of a number of small brass cylinders 
mounted in a row on an insulated base with small gaps 
betn-een them. One end of the row is connected to the line and 
the other end is grounded. Messrs, D. B. Bushmore and D. 
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Dntmis* explain the action of the cylinders as that of small 
condensers, which are chatted with varying amounts of poten- 
tial according to their distance from the line connection, being 
maximum at that point and zero at the grounded end. When 
the potential difference between the first pair of cylindera in- 
creases beyond a certain limit, a discharge takes place between 
them. The potential of the second cylinder, being connected 
to the first by an arc, rises and may riae to such a 
point that it breaks down to the third cylinder, and the 
third to the fourth, and so on, till the arc has passed en- 
tirely across the arrester. This action shows the sncceBBive 
discharge of the arrester at a voltage in excess of the normal 
line pressure. As soon as all the gaps are bridged over by arcs, the 
line current starts and the distribution of potential is changed, 
following a straight line from a maximum value at line poten- 
tial to zero. This indicates that the potential difference 
between all the cylinders is the same, and is much leas than 
before the break-down. It is well known that to maintain an 
arc of alternating current across a gap the voltage most be at 
least high enough to break down the dielectric of the air gap 
each time the arc goes out at the end of a half cycle. The 
dielectric is greatly weakened by the heat produced by the 
passage of the arc. Therefore the voltage to maintain the arc 
need not be as high as that which originally broke across. The 
weakening of the dielectric depends upon the heat of the arc, 
and this in turn upon the boiling temperature of the metal of 
the arc cathode. A metal or alloy having a low boiling 
temperature is therefore chosen which at the same time 
will preserve its cylindrical form under the arcing ac- 
tion. Metal meeting these requirements is called non-arcing 
metal. 

The size, material and number of the cylinders, and the 
spacing between them are so chosen that at the end of a half 
cycle the potential difference between the cylinders is insuf- 
ficient to break down the dielectric resistance offered by the 
air gap. The arc therefore is extinguished after the first half 
cycle. 
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Another explanation for the non-aiding property of mnltigap 
arreaters is given by Mr. Thomas in the discDssion of the above 
mentioned paper. " It is a tnown fact that the are atarts bv 
ionization through potential Btrain of the gases between the 
electrodes, by which ions are liberated. They are forced to 
move extremely rapidly by the high potential and produce 
other ions nntil finally there is snch an increase of temperature 
and SQch an increased ratio of ionization that the quantity pro- 
duced is sufficient to carry the normal arc current at a low 
voltage. At the instant the discharge and the normal current 
cease at the end of an alternation, in view of the close neigh- 
borhood of the conducting cylinders, the ions which would 
otherwise hold over until the return of the voltage are freely 
absorbed by the metal. Such ionization is very closely related 
to temperature, the high temperature very much increasing the 
ionization. Metals of low boiling point are used to keep down 
the temperature." 

Arcing between any two snccessive cylinders consumes a cer- 
tain amount of e.m.f. The successive losses in voltage thus 
incurred can rednce the discharge voltage between a certain 
pair of cylinders to snch a value that no further discharge is 
possible between the remaining cylinders. The discharge 
therefore is only partial over a certain number of gaps. A 
complete discharge takes place when the initial voltage is so 
great that the successive discharges do not bring it to a value 
less than that of the spark voltage, or when the drop across the 
gaps is so small that the suna is not sufficient to affect the 
initial discharge voltage. 

The drop in voltage between any two cylindeis depends upon 
the value of the current, Messrs. Rushmore and Dubois state 
that " as this current is that due to the capacities which have 
been considered, it will be greater at high frequencies, and the 
fall of potential between the first and second cylinders will 
therefore be less. As the arrester gaps break down successively 
the fall of potential from one cylinder to another is less, and 
therefore snch an arrester will discharge at a lower voltage for 
a higher frequency than for a lower." Multigap arresters with- 
out resistance discharge more readily at high frequencies than 
at low. In the same way that high frequency lowers the break- 
down of multigaps by increasing the current of the spark, high 
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recti »t an t-e, by abeurbiiig e.iu.f. wheii tliia curreDt exists, its- 
ei-eases break-down. Resistance is most eflFective at bigb fre- 
quency in increasing break-down voltage, as at bigb frequency 
the cbarging current is greater, and therefore there is more 
voltage drop in the resistance. A resistance in series or shunt 
with the arrester limits the current and decreaseu tlic number 
of gaps, ^ries resistance limits the current under all cod< 
ditioDB, but although in this way protecting the arrester, it ia 
dangerous in case of a surge. Its action is questionable on ac- 
count of the inductivity of the resistance, as in case of a high- 
frequency stroke, series resistance will prevent free discharge, 
so that no effective protection is afforded to the line and con- 
uected apparatus. By shunting a different number of gaps 
through different resistances the protection offered by multi- 
gap arresters for both high and low frequencies is assured, and 
the current between cylinders, as welJ as the number of cylin- 
ders themselves, is reduced. 

An arrangement of this sort is shown diagrammatically in 
Fig. 16ft. As stated above a discharge across the gaps is 
facilitated by high frequency. This kind of discharge there- 
fore follows the direct path across tbe gaps and not throngh 
the shnnt resistanc'es. With low frequency the discharge 
passes through a low resistance and tbe remaining gaps in 
series. If the frequency is still lower it chooses a path over a 
greater resistance with a less number of gaps in series, etc. 
This is explained by the fact that a discharge of low frequency 
is less opposed by a resistance than one of high frequency, the 
voltage lieing tbe same, and that it is stiH less opposed, the 
lower tlip frequency. When the discharge of low frequency 
breaks down, say over the high resistance, the entire voltage 
minus that lost in the discharged gaps acts npon the next gap 
division with its resistance, which is in turn broken down. A 
drop in voltage again follows and tbe remaining pressure acts 
upon the next division with its still lower resistance, where 
another discharge takes place, etc. Tn this way the discharge 
is accomplished in rapidly following parts from one end to the 
other of the gap row, and ceases either when the voltage is no 
longer sufficient to break down the next division, on acconnt of 
the current in the resistance, or after the entire lightning ar- 
rester has been broken down. Breaking down of tbe arrester 
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is of course not to be interpreted as destruction of the instru- 
ment, but simply as a discbarge over the apparatus. 

This arrangement therefore acta as eflSciently for low fre- 
quency as for high. 

Fig. 161 sliows the arrangement of a multigap arrester 
with shunt resistances for a delta or star connection without 
grounded neutral. Each of the three main legs consists of 
form V gap units, and is connected to one of the tines through 





Pig, 160.— Hultigap Pra. 161.— Amutgcmeiit of Multigap LiglidiiDg 

Lightning Arrester. Arrester for 3S,000 Volta Delia or Un- 

grounded Star Trao.'tformer Coiiiiccilon. 
a Bpark-gap shunted by a fuse. The other ends of the legs are 
joined to each other by a common or multiplex connection, 
from which, for ungrounded systems, a fourth leg connects to 
the ground. la the arrester for grounded star systems, no 
fourth leg is added, the multiplex connection being connected 
to ground. The above diagram shows the three shunt resist- 
ances with their respective connections to the legs. The uses 
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of the fuaea are explained in ttie paper referred to above ae a 
protection of the apparatus against long continued high volt- 
age on the line. When for eotue reason or other a high voltage 
in the line is not reduced by the discharges throogh the ar- 
rester, the device becomes exposed to destruction on account of 
the prolongation of the current. To prevent this the fuse is in- 
serted, which by blowing out throws its spark-gap into aeries 
with the arrester. . This allows the arrester to be adjusted to 
dischai^ at but a small percentage above the line voltage and 
thus to afford real protection. The blowing out of the fuse 
does not eliminate the protection afforded by the arrester, be- 
cause the spark-gap still preserves the connection between the 
arrester and the line. It merely adds a factor of safety against 
the destruction of the arrester. It may be repeated that the 
shnnt resistance forces discharges of different frequencies to 
seek different paths to ground, so that under all conditions 
abont the same discharge voltage exists in the apitaratna. 

With a low-frequency sarge, when the voltage rises, and be- 
fore it reaches a dangerous value the gaps 0| arc over. With 
these gaps broken down the current of the arc across them is 
limited by the resistance to about one-sixteenth ampere, which 
gives about 80 volts drop per gap. The remainder of the voltage 
is consumed in drop across the resistance rods, and is thus ap- 
plied across the gaps in 0^. Although this voltage is less than 
that which broke across Os the series resistance is less, and 
approximately the same number of gaps will therefore break 
across this lower voltage. With Ga and Gh broken down the 
increased current gives a smaller drop in the gaps, but twice 
the number of arcing gaps are now in series. Therefore, the 
number of gaps in G^ is made the same as in G, and Oh. 
These three sections should all arc over in succession at very 
nearly the same voltage. It has been found that when gaps 
are shunted by resistance and the resistance is low enough, 
dynamic current will not follow a high frequency across those 
gaps, but will shunt at once to the resistance, i. e., over L, and 
Dot over Gi. This shows that the resistance L is practically a 
series resistance as far as the safety of the arrester is con- 
cerned. Should the arc pass across all the gapw following a 
static dischai^, the number of fraps is sutBcient to extinguish 
the arc, and this holds with each resistance, and with the gaps 
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connected with it. That is, any current which may start across 
any of the resietances and the corresponding gape would im- 
mediately be extingnished by that combination alone, without 
the shunting effect of other resistances, thus rendering the ex- 
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FiQ. 162, — MuUigap, Multiplex AlternBting Current LlgLtning 
ArreiteT with Single-Blade Switches for 60,000 Volta Tliree-Phusc 
Delia oc Ungrounded Star Connccteil Circuits. 

tinguishing of the arc doubly secure. The object of the 
multiple connection of the single legs of the arrester is to ad- 
mit of discharge between the tines and between the lines and 
ground. 
An equivalent needle gap is a gap which when connected in 
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parallel with a lightning arrester just faiU to discharge, fori- 
ing the discharge to pass through the arrester. It is also de- 
fined by Prof, E. E. F. Creighton as a gap which when in paral- 
lel with the arrester possenHes such a value as to cause at least 
90 per cent, of the spark discharges to pass through the device 
and not more than 10 per cent, across the gap. This equivalent 
needle gap is an indicating device for the efficiency of a light- 
ning arrester under discharges of varying frequency. The 
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Fio. 163.— Multigap, Multiplex Alter- Fro. 184.— Form V Gap Unit. 

naling-Current Lightning ArrestLT with 
Single-Blade Switches for 10,000 VolU 
Tlirco-Phiise Dfltaor L'ngrouoded Star 
CoDtiecled Circuits. 

smaller the value of the gap the more efficient is the protective 
device. If the laying out, material and mounting of the 
cylinders are correctly made, the equivalent needle gap must be 
less than the sum of all the cylinder gaps. 

Fig. 162 shows the dimensions of type (1. K. form V shunt-re- 
sistance multiplex a.c. lightning arresters with single blade 
switches for station use for 50,000 and 60,000 volts. The ar- 
rangement is for a three-phase delta or star connected circuit 
without grounded neutral. On account of its gi-eat length, the 
fourth leg between the multiplex point and ground is divided 
into three parts at the lower end of the three legs. A discon- 
necting switch is necessary to facilitate disconnection from the 
line for inspection or repairing. The gap units V and resist- 
ances B are mounted on porcelain bases supported by means of 
wooden strips on line insulators. The number of gap units 
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depends upou the length of the line, the nature of the country 
through which it passes, this referring to elevation, neighbor- 
hood of trees, passage through cities or open country, etc., upon 
the insulation of the line, and also upon the voltage and load 
of the system. Each transmission tine therefore calls for 
special consideration. More pi-eoise adjustment of the arrester 
is made by means of the spark-gap between line and arrester. 
Fig. 163 gives the dimensions of a similar device with double 
blade switches, built for 10,000 volts. Of the two disconnect- 



Fk>. IftS.— Spark Oap. Fia. 163.— 1000 and 3000- Volt Multi- 

plex Hultii^p Lightning Arrester. 

Ing switches, which are mounted on a common base, one is for 
the lightning arrester, and the other for the line itself. 

One of the gap naits of form Y is shown in Fig. 164 mounted 
on a porcelain base. 

Fig, 165 shows the adjustable spark-gap which is used with 
each leg of a multigap multiplex arrester. 

A double-pole multigap device for 3000 volts is shown in Fig. 
166. In order to save space the shunt resistances are placed in 
slips directly over the gaps. Between poles the porcelain base 
is shaped to form a barrier. This device can be made suitable 
for use with 1000 or 2000 volts by short-circuiting one or more 
series gaps on each side of the <n-ound connection, as shown in 
the cut. 

Cables installed ■„ ;;enerally lead covered so 

aa to protect the insulation against rough handling or chemical 
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injury. Although auoli oables are not exposed directly to 
atmospheric dlsturbanees, they are nevertheless subject to 
oscillations and surges caused by switching, load variation, 
etc., which may puncture the inf<ulation at weak points. This 
is liable to produce Ri)iU'king between the cables and their 
grounded lead covering wliiih, on aiiouut of the energy back 
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Fm. 167.— Alteriiiiiiiig- Fi(i.l«8.— Dmgrani of Fiu. lOS.— LowEqiilTalent 
Current Siiitic l>U- Luw-Eqiiivulunt Al- Liglitaiug Arrester, 

clisrger. Wrnnling C iirrciil 

LigliloiDg AireHier. 

of then>, may i-esult in burning up of the insulation of these 
and adjacent cables. Puncturing of the insulation and spark- 
ing may also take, place due to the gradual accumulation of 
static charges on the lead covering, which ai-e discharged from 
time to time without detection until finally (he entire insula- 
tion Wcomes damaged. It is thcivfore deMJrable to ground the 
lead covering as often as possible. Sparking between cable and 
covering or ground brings about a scries of snccessive impulses 
which nnist b*' eliminated fri^iii the cables by static dis- 
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trhargers. In a combination of overhead and underground 
tranamiSBion lines of high capacity and inductance, oscilla- 
tions of high frequency may occur without detection by the 
ordinary switchboard instruments, which may seriously 
endanger the insulation of the whole system. Protection 
against such contingences is afforded by the static dlscbargera. 
Multigap arresters also possess the capacity of protection 
against static discharges, a function which is accomplished by 
the high resistance with a few gaps in series, the remaining 
gaps and resistances not being necessary when only static dis- 
cbarges are required. 

Fig. 167 illustrates a static discharger for 15,000 volts built 
on the lines of the multigap arresters. 

In regard to the installation of arresters, a number of points 
must be kept in mind. For 6000 volts or more as much space 
as possible should be provided on the wall and in front of the 
arresters for their inspection and tbe safe operation of the dis- 
connecting switches. Very often specially constructed high 
compartments or separate towers are provided for safe and 
efficient mounting of the high tension apparatus. 

The following table gives the proper spacing between light- 
ning arresters as recommended by the General Electric 
Company : 
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The place where the arresters are monnted should be dry and 
warm, and befoi-e mountiDg all wooden parts and insulators 
should be thoroughly dried. It is advisable to place brick, 
asbestos or soapstone barriers between the legs on the line 
Bide of the multiplex connection. The latter connection and 
shnnt leads for the resistances must be kept ava; from -the 
barriers, and the arresters must be separated from the barriers 
by a space corresponding to the normal line voltage, as the 




FlO. 170.— ConDectloD uf Loir. Equivalent 
Lightning Arreaters U> an 18.000-Volt 
Three-PLaseStar-CoDsected Cimuitwitb 
Orouoded Neutral. 



3. 171.— Wcstiiigliouse Type 
C Liglitning A.rreater. 



barriers are to be regarded simply as fire protectors rather 
than absolute insulators. There should be no doors in the 
front of barrier compartments. For single-phase only two legs, 
for three-phase three legs, and for two-phase four-wire circuits 
four legs are necessary, the leg between the multiplex connec- 
tion and ground remaining the same in each case. Good ground 
connections are essentia] to proper operation of lightning ar- 
resters. These connections and the arresters themselves mast 
be inspected from time to time to make certain that they are 
, in proper condition. 

The Westinghouse Company produces a lightning arrester 
similar to those above described, under the name of, low 
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equivalent a.c. lightning arrester. This device conBiets of 
three parts, namely : 

1. Series gap, a ntunber of gap units in series. 

2. Shaoted gaps, and shunt resistance in multiple. 
S. Series resistances. 

The connections between the three parts are as in Fig. 168. 
The gaps are formed b; cytiaders of non-arcing metal mounted 
between two porcelain holders, and all gap units and resist- 
ances are mounted on a marble base. (See Fig. 169.) The 
action of this arrester is as follows : When a discharge 
takes place in which all the series gaps are broken down, 
it meets opposition in the shunt resistance and passes 
over the shunted gap to earth through the series resistance. 
The arc which momentarily follows the discharge is then 
withdrawn from the shunted gap by the shunt resistance, 
and aided by both resistances is suppressed by the series 
gaps. The potential at which a discharge takes place is 
determined by the number of series gaps, a sutDcient number 
of which is used to withstand the normal voltage, and yet give 
a proper factor of safety for the severest service. The use of 
sbnnted gaps is to provide a by-pass for the lightning discharge 
which otherwise would meet opposition in the shunt resist- 
ance. The use of the shunt resistance is twofold, first, to with- 
draw the arc from the shunted gaps after the passage of the 
discharge, and secondly to reduce the volume of the arc so 
that the series gaps, too few in number to act successfully 
unaided, can, with this assistance, suppress the arc. The small 
series resistance limits the initial current that follows the dis- 
charge and thus prevents burning of the cylinders. An 
auxiliary spark-gap used in couuection with the arrester per- 
mits adjustment within certain limits. Fig. 170 Is a wiring 
diagram for the Westinghonse low-equivalent lightning ar- 
rester in connection with a three-phase line with Y connection 
and grounded neutral. Provision is made for easy dischai^ 
between the lines themselves. The space between active parts 
of adjacent arresters connected to different sides of the circuit 
should not be less, according to Mr. R. P. Jackson,* than the 
distance designated in the following table: 

* R. P. Jacknnn, " The Protection of Eleclric Ctmiils and Apparatus from 
UchtQing and Similar Diatiirbsncet," Electric Jounial, April. 1906. 
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SPACING BETWEEN LIGHTNING ARRESTERS. 





VolUwi' 




DLBtanc. _ 




Not ExModiDC 




5,700 






8,500 


6 


8,500 








7 


12,500 






18,000 


9 


18,000 






26,000 


12 


25,000 






29,000 




29,000 






37,000 


20 



For low teosion and particularly for distributorH for light- 
ing and traction, the Weatinghouse Company nses type C 



FlO. 172.— Met«l Miillignp T.Vpc of Ligl)t:iiiig Arreslcr willi 
Divcrgiug Sidfs. (Smtili'V Klwirir Co t 

arrester, shown in Fig. 171. It is a donble-|M»k' luultigap de- 
vice with non-arcing metnl crliuderi^. and is built for tensions 
of 500 to 1250 volts. It consists of seven independent cylinders 
carried on overhanging porcelain supports forming a nnit 
which is mounted in a weatherproof cast iron case. 

Another type of mnltigap arrester is shown in Fig. 172 as 
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produced by the Stanley Electric Companv. The description 
of it given by Mr. N. J. Neall* is as follows : " It consiBts of a 
nest of concentric cylinders of brass or other high melting- 
point metal with flaring upper ends. The line terminal is at 
the center of this group, and the ground connection at the out- 
side. When line current follows a static discharge, it takes 
the narrowest gap space of the arrester. At the same time a 
- cnrrent of air is establlBhed through the many small boles in 
the bottom and top supporting porcelains. This draft pushes 
the arc upwards when, by reason of the attenuation of the arc 
and the greater cooling surface of these gaps, the short-circuit 
is broken." 

ilORN ABRESTEa 

This type of protective device has not proved of any great 
value in practice. It serves as an emergency device rather 
than as a normal protective apparatus. If the horn is con- 
nected to the line without restistance the arc short-circuits the 
apparatus for a time until it is ruptured by being driven to 
the upper ends of the horns through the magnetic and heat 
effects. If it is connected to a resistance of suflQcient size 
to prevent . it from causing considerable voltage drop 
by diminishing the current, its protective value becomes 
smaller. When a horn device discharges to ground without 
resistance the machines are thrown out of synchronism, and 
must be restarted. If a fuse is joined with the horn, the com- 
bination can offer protection for maximum voltage only as 
long as the fuse is not blown out, which results in lack of pro- 
tection in storms when the fuses cannot be replaced. How- 
ever, several fuses may be joined to the horn, so that when one 
is blown out, another can be inserted by means of a switch. 
But this arrangement makes the fuses, and not the horn, the 
actual protective device. The arc in the horn gap can cause 
more serious damage than the original disturbances. Under 
certain conditions it is apt to cause very high strains, so that 
the horn becomes the cause and not the preventative of a 
disturbance. The only proper application of horn lightning 
arresters is along transmission lines where they serve to pro- 
tect the insulators, and not in the station. To protect an 

• N. J- Neall, '■ I'roieciivi; AppuiutuB," Electric Journal, June. 1»0B. 
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inHulator, a gap of Bnch value is chosen that will cause the 
sparking to occur across the horn rather than around the 
insulator. At all events if trouble occurs around an inaulator 
the BysteiB is disturbed whether the gap is there or not, the 
only difference being that with the bom the trouble is of short 
duration, while without it the line may be tied up for a longer 
period of time until the broken insulator is found and replaced. 
With local stationary phenomena of high frequency the use of 
horns on the line is advisable. In constructing horns and pro- 
portioning the air-gap, care must be taken that the arc is 



Fio. ITS.— Hum Oup Arruster wilh a DiBconnectlDg Swtlch. 

driven upward and not downward, as not only the heat of the 
arc, but also its magnefic effect, tends to drive it outward. 

Fig. 173 shows a horn arrangement used with an aluminum 
lightning arrester. TJote that one side is built out in the form 
of a movable disconnecting switch lever. 

The construction of the horn type of arrester as used by the 
American Hiver Electric Compiiny is shown in Fig, 174. The 
horns are of galvanized iron gas pipe and separated 2.25 inches 
for 40,000 volts. A jar of water covered with oil is used as a 
resistance in the gronnd wire. The oil of course is to reduce 
the evaporation. The arresters are mounted on wooden poles 
outside of the station. 
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Another diagram is jbown in Fig. 175. This ia the type nsed 
by the Standard Electric Company, of California, for 40,000 
volt traQsmission lines. It consists of a gap formed between 
two horns and a tank of salt water, with an induction coil re- 
sistance in the ground connection. The horns are of No, 0000 
copper wire mounted on ordinary line insulatOTS. Copper 




J FiQ. 174.— Gonstnictioii of tbe Horn Onp A.rreiter used by the Americaa 
River Electric Co. 

strips are immersed in the salt water resistance. The reactor 
ia a coil inches in diameter, and has 18 turns and the airgap 
for the 40,000 volt device is made 3 to 3.26 inches wide. The 
curve of the bnee is of great importance in the operation of the 
device. Fig. 175 illustrates two home which are bent im- 
properly, the angle of the first being too small, so that the arc 
remains in tbe gap, and the second having too sharp a crook in 



DiQitized^yGOOgle 



226 ELEVTHIC POWER PLAXT EXaiSEERl\0 

the kaee, in which case the arc either remains atationary or 
jumps back again across the gap alter having been driven 
upward. 
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Fio. ITS. — CoDslnictiun of Honi Arreatera u§ed by tlic SUudunl Elecirlc Co. 

Another diBadviintage of this type of arr^ter is the fact that 
at low voltajicH the gn]t must be made so small that it becomes 
difficult to maintain it constant, for dirt, dust and insects 
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Fio. 176.— Type M D Direct Current Arrran r. 

quite readily collect in it and change its width, which ma- 
terially reduces the value of the apparatus. 

MAONETIC BLOWOUT PKOTECriVB OEVICDB 

One of the first lightning arresters to come into prac- 
tical use was that invented in 1884 by Prof. Elihu Thomson. 
This apparatus was so arranged that if a current followed a 
static dischargee *o earth, it was made to pass through the 
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wiodiug of an electromagnet, which tlieu excited a strong mag- 
netic field about the gap, with the result that the arc was 
immediatelj blown out. 

For direct current use tbia type of device is now used almost 
exclusively. The gap is in series with a resistance of low in- 
ductance. By providing a direct path for the discharge the 
possibility of short-circuit in the box in which the device is 
enclosed is reduced to a minimum when the discluu-);es are 
especially severe. The connections to da-. luuvertei-K and 
feeders are shown in Figs. 1, .5. i:t, U. nnd 34. When the 
device is installed on the line it is usuallr enclosed in a wooden 
box supported on the poles carrying the transmission line. 
One of these boxes and the porcelain casing in which the ar- 
rester is mounted ara shown in Fig. 171). This type is used for 
voltages up to 6000 volts. A spark-gap on top of the porcelain 
casing is used to adjust for voltage. 

ELECTROLYTIC LIQHTNINO ARRESTERS 

(a) Aluminum devices. 

As this type of apparatus passed the experimental stage only 
a few years ago, there has not been sufficient opportunity 
to test it under ail conditions. But wherever it has been 
applied it has proven to be of particular value for static dis- 
charges or successive impulses. Although these devices do not 
displace the multigap arresters, their adaptability to taking up 
static discharges renders their use necessary if complete pro- 
tection is looked for. As a rule they are connected to the bus- 
bars, thus protecting all the feeders, while the multigap de- 
vices give individual protection by being inserted in each 
individual feeder. 

The construction of the aluminum type of arrester is based 
on the following principles. Tf an aluminum plate inid another 
plate of some other metal be immersed in a siiitabtc electrolyte, 
the resulting cell will have the proi)erty of passing current in 
practically only one direction. Only a very small fraction of 
the current is passed in the opposite direction until the applied 
voltage reaches a certain value. After this limit has been 
exceeded, however, the current rises much more rapidly with 
respect to the e.m.f, thai: Oinn's law would indicate. This 
action is explaine*! liy the iircnence of a thin dielectric hydrox- 
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ide film on the enrface of the aluminum plate. If botb plates 
were of alutuinum, the action of the cell would be analogous 
to that of a steam safety valve. The device prevents the cur- 
rent as long as the pressure lies below a certain limiting value, 
but as soon as this limit is exceeded a very large current is 
established, which continues until the pressure again falls be- 




Kio. 177.— Electrolytic Ligbtniag An«iter. 

low its critical point. With a suitable electrolyte the above- 
mentioned dielectric film will be capable of resisting from 380 
to 400 volts tension. Above this value it is broken down at in- 
numerable points, and the cnrrent will thus be established. 
By connecting a large number of these plates in series arresterB 
for from 4000 to 60,000 volts may be built up. 
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Fig. 177 shows how the aluminum plates are arranged in 
their cylindrical jar. The plates lie on top of each other, but 
are separated bj insulation. The jar is made of stone-ware, 
and the cover is so shaped that another jar can be placed on 
top of it making a series connection with it so that the whole 
can be used for a higher voltage. After the electrolyte has 
been filled in from the top, a layer of oil is added to act as a 
seal to prevent evaporation. 




Fig. 178.— £l«ctro1rtlc Lfgbtotng Arrester for from 68,000 to 66,000 T<M 
Three-Phase Cticuiu vlth tJngtounded Neutral. 

The plates are in the form of trays so that the electrolyte 
fills the spaces between the trays, but not that between the 
trays and the jar. If one of these units were to be connected 
directly to the line normally small current through it would be 
sufficient to heat the cell, and would quickly spoil the plates. 
A spark-gap adjusted for the required voltage is therefore in- 
serted between the line and the cell. Under normal voltage, 
therefore, the cell does not receive any current at all, and it ia 
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imiy after the pressure has reached ita critical value that the 
spark-gap and coosequently the plates come iuto action. Aftei- 
an impulse has passed through, the arrester again becomes 
entirely inactive. During the discharge the cell consamea only 
a negligible amount of current, as the time of discharge is onl.r 
momentary. For tensions under X3,500 volts the gap terminals 
are made of non-arcing metal, and a horn-gap is used for 
higher pressHi-es, (8ee Fig. 173.) 

A 66.000-volt arrester in series with a horn for three-phase 
circuits williout grounded neutral is shown in Fig. 178. 

The following e(]uipment was recently installed in a 60,000- 
volt plant. Each branch of the three-phase circuit is provided 



1^ 




Fio. IT9.-Liqiii(l Ek'Ctrode Cell. Fia. 180.— Liquid £lactrode Arreater. 

with three horns. The first is grounded by a fi-foot fuse, which 
is positive and effective in operation. And the second is in 
series with a resistance consisting of concrete blocks. The 
third is in series with an aluminum arrester which is expected 
to take up all static discharges and impulses in times of storm. 
If after a time it is seen that the aluminum arrester performs 
its functions properly all the other devices are to be discarded. 

(b) Liquid electrode arrester. 

The above name has been adopted for this type of apparatus 
to distinguish it from aluminum arresters, which, though they 
also contain a litiuid electrolyte, operate in an entirely different 
manner. As was noted'above, the discharges in the aluminum 
type are regulated by a dielectric film. In the liquid electrode 
type, however, according to the inventor. Prof. E. E. F. Creigh- 
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ton,* the electrolyte itself plays the main part. The following 
discussion niuBt ne<«88arily be restricted tea aomewhatgenei^l 
description, as the apparatus has hardly emerged from the ex- 
perimental stage, BO that no results of practical importance 
have as yet been obtainable. The arrester disctiarges only at a 
critical limiting voltage, and at the same time reduces or en- 
tirely suppresses the machine current, at normal voltage, 
without a series resistance, A very high pressure of about 
1500 volts is required to establish a current through the 
electrolyte from one electrode to the other, and the current is 
limited by the counter e.m.f. of the arc. One cell of a liquid 
electrode arrester is shown in Fig. 179, in which the electrodes 
form small gaps with the electrolyte. Experiments have 
shown that several hundred static discharges of 1000 amp. 
starting current will pass between the electrodes before any 
considerable machine current follows the discharges. The 
combined counter e.m.f. of all the cells is greater than the 
line voltage. Therefore, sparking will not cause arcing. The 
cell has a critical limiting voltage below which no discharge 
is possible and no current can exist. By adjusting the spark- 
gaps, the critical voltage of the cells may be regulated. If the 
electrodes dip into the electrolyte, an outside spark-gap must 
be connected in series with the cell in order to keep back the 
normal presBure, which is set for the given voltage limit. (See 
Fig. ISO.) When a high pressure breaks down the spark-gap 
and reaches the electrodes, arcs are formed at their ends whicb 
drive the electrolyte away, thus automatically increasing the 
length of the arcs. Since the arc voltage is greater than the 
impressed voltage, the current quickly dies out. The series 
gap keeps out the normal pressure, whereupon the electrolyte 
recovers its original horizontal position touching the elec- 
trodes. 

The arc voltage depends upon the length of the arc, and 
this in turn upon the value of the current causing the de- 
pressions in the surface of the electrolyte. 

Objections to both types of electrolytic arresters have been 
raised, namely: that they will freeze when exposed to the 
weather, and that under heavy discharges they may be shat- 

•'■New Principles in the Dpsijrn of Ligbtolng Ametera," E. E. F. 
Cni^tun, Proc. A. I. E. E., MarcbS. 1907. 
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tered jnat as a tree or transmisaioD line pole is destroyed bj 
lightning. To prevent freezing the arresters may be placed in 
boxes or ditches lielow the freezing line. In regard to explod- 
ing all that can be said is that the device has been too little 
ased to justify any conclnsions. 

BBACTIVB COILB 

High reactance in the line will break down any surge 
or wave trying to enter a station. Part of the wave is reflected, 
and part is allowed to pass. The latter portion must not 
exceed a value determined by the insulation of the station 
apparatus. A high reactance will also hold up a wave in point 



Fib. ISI.— Choke Coils up to SG.OOO Volts. 

of time long enough to give the lightning; arrester an oppor- 
tunity to discharge. 

A reactor is a device of high reactance designed to give pro- 
tection against disturbances occurring when the line is carried 
overhead. Buch coils are of no value for disturbances in under- 
ground cables or in the station. Each feeder in the station, 
however, should be provided with one of these coils. They are 
always used with lightning arresters, one arrester sometimes 
being placed on each side of the coil to hold up both inside and 
outside disturbances. 

Strains at the transformer or other connections due to 
switchiDg, grounding or short-circuit, make it advisable to pro- 
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tect the station apparatna b; asisg reactors for the iDdiridnal 
pieces or groups instead of building them into the main feeders 
to protect the whole station, as done heretofore. 

Some engineers recommend the use of reactors of fev turns, 
that is, of medium reactance. The turns are insulated from 
each other hy air space which prevents permanent short-cir- 
cuit, and the; must therefore not be spaced too closely. In 
constructing these coils great attention must be paid towards 
providing suiBcient radiating or cooling surface, in order that 




Fio. 183.— Cliokc Coila up to 80.000 VolU. 



the heat generated may not weaken the insulation and cause 
a break-down at high pressures. 

Figs. 181 and 182 illustrate two coils, one for from 6000 to 
35,000 volts, 200 amp., and the other for voltages up to 60,000 
volts and 200 amp. 

In Figs. 34 and 35 there are shown a number of copper coils 
which serve the same purpose as reactors, and which are used 
for d.c. feeders. 

To sum np : a reactor will protect" apparatus in the atation 
against high frequency fluctuations, but it offers absolutely no 
protection against static discharges or low frequencies. This 
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is duo tu tbe fact (Uut the i-eactauce of the coil is limited as it 
luii&t be- less than that allowable for the normal line voltage. 
Fig. 183 shows the Westinghouse form 7 reactance coil, built 
for 2500 to 25,000 volts and 260 amp. capacity. The; are used 
in connectiou with the low-equivalent lightning arrester. They 
are air-cooled and have a large number of turns, and therefore 
high inductance, since for high-tension apparatus a greater 



Fio. 183.— Choke Coil for from 2S00 to 26.000 Volts Uwd In 
Connection with Low Equivaleiit Arresters. 

" reactive effect " is required. For voltages over 25,000 volts 
the Westinghouse coil is oil-cooled. It contains a much larger 
number of turns than the air-cooled device, and hence has a 
higher inductance. Since there is a tendency with high indnct- 
ance for the discharge to jump across from turn to torn, a 
high insulation of the winding is essential. 
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THE (iBOUNl>li)I> WIRE 



Although thi» ti*eatia' is pi-operly conflned to central and 
Buhetatinn intitflllation arrangements, it may not be out of 
place tu devote some attention to a protective device whicli 
serves luuHtly to shield the transmiBBioD liaes themselves, but 
which atfects the stations indirectly. This device is known an 
the grounded wire for overhead lines. In a body possessing 
{lerfet't conductivity no disturbances of outside origin can be 
produced. If, therefore, a transmission line were encased in a 
grounded electrical conducting shell, electroBtatic and other 
atmospheric influences would be eliminated. Precisely this ia 
the condition attained in cables buried underground. But as 
the cables cannot always be laid in this position, the ground 
can be raised to the wire by an auxiliary grounded wire or 
series of wires. The theory of the shielding action of ground 
wires according to Mr, Raljil) D. Mershon • ia as follows : 

The electrostatic induction of the clouds indnces a bound 
static charge on the transmission line opposed in sign to that 
in the clouds, and at the same time liberates a free charge of 
the same sign. The free charge has a tendency to pass to earth. 
It will pass by gradual leakage over and through the in- 
sulation of the system provided the approach of the cloud is 
slow enough to give time for such leakage. If not it might 
puncture the insulation and thus pass to earth. The intensity 
of the charge will depend upon the potential of the line wires, 
due to the charge of the cloud. Suppose that there be near 
the transmission wires other wires parallel to them and 
grounded at frequent intervals. They also will be subject to 
the inductive action, and the charge set free upon them will 
pass to earth as fast as liberated, the bound charge of the 
opposite sign of that of the cloud remaining, and depending for 
its magnitude on the potential due to the cloud and the electro- 
static capacity of the grounded wires. Under these conditions 
the intensity of the charge on the transmission wires will no 
longer depend only upon the potential due to the cloud, but 
upon the combined action of the charge of the clond and 
the bound charge of the grounded wires. The potential of 
•RAlph D. Merslioii. "The Grounded Wire as u Protection Agaiost Liglit- 
nlDg,' Pr. A. I. E. E., IQOS. 
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the line wires will be equal to the difference of the potentials 
due reapectively to the cload and the grounded wires, and will 
in general be less than that due to the cloud. Suppose now that 
the cloud be discharged by a lightning flash to earth. The 
bound charge on the line will suddenly be set free, and if the 
ground wire were not present, this suddenly released charge 
might puncture the insulation in order to reach ground. But 
as auzlUiary ground wires are provided there will be less 
tendency towards the puncture of the insulation of the system, 
because of the fact that the impresRed potential of the line 
wires is less with the grounded wires than without them. 
The liberated charge in the ground wire passes to earth. This 
chai^ is obstructed more or less by the inductance of the 
discharge path, the effectiveness of this inductive obstrnctiou 
depending upon the suddenness with which the cloud dis- 
charges. The worst condition would be that under which the 
charge on the ground wires could not pass to ground at all, in 
which case the sum of the two charges of the line wires will be 
just equal to that which would have existed if there were no 
ground wires. 

The grounded wire affords even more effective protection 
against electrostatic accumulations from wind and rain, and 
against the potential difference between the atmospheric strata 
due to the different altitudes through which the line passes. 
The use of grounded wires, therefore, greatly relieves the 
stress which can be thrown on the station apparatus, and re- 
duces the duty required of the station lightning arresters. It 
also protects the poles from direct stroke by leading the dis- 
charge to ground without damage to the line insulators. 
These wires are, to a certain extent, a protection against 
electromagnetic as well as electrostatic effects of lightning 
discharges in the neighborhood of the transmission line, as 
they are interlocked inductively with the main line, so that a 
part of the energy of the wave train is absorbed. The result 
is a rapid fall of the wave. 

The grounded wires are usually of galvanized iron of mf- 
ficient size to offer a slight resistance to the discharge, and to 
be self-supporting. The latter property is important, for a 
break of the wire might cause considerable trouble in the 
transmission lines below it. The conductivity of the ground 
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wire has material infliience siDce upon it depends the protec- 
tion agaiDBt the indactive effects of oscillations and sudden 
discharges. A % inch standard steel wire grounded at least 
every 500 feet, and strung above the highest transmission 
wire within an angle of 45° to 60° to the outside wires, as 
recommended by Dr. C, P. Steinmetz, is the best form of this 
kind of protection. Two auxiliary wires are sometimes added 
on each side of the tines to increase the shielding action. All 
ground connections must be carefully made. Barbed wire is 
sometimes employed instead of the smooth kind. 

WATEB JBT8 

Protection with water jets is similar to that afforded by 
large resistances permanently connected into the line with the 
additional advantage of self -maintenance in case of a break- 
down after a discharge. Water jets prevent to a certain extent 
the slowly accumulating static charges on the line. Their 
application is, however, restricted more or less to European 



FlO. 184— MuUipatb Arrester for Circuits up to 1000 Volls. 
COHERER TYPE OF ARRESTER 

This class includes the M. P. arrester, also called multipath 
arrester, as made by the Westinghouse Company for alternat- 
ing and direct current. (See Fig. 184.) The static discharge 
passes in a large number of small streams over a carborundum 
block, the voltage across each gap being very small. The ar- 
rester is used for voltages up to 1000 rolta. It discharges 
static accumulations and comparatively high tensions, bot 
opposes the current at normal voltage. 

A few words in regard to the installation of lightning ar- 
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resters are in place at this point. Lightning arresters are Just 
as essential for protection against interruptions in service ae 
any preventative of flre or accident in the station. In largi^ 
systems a certain percentage of the cost of installation and of 
the yearly income is set aside for the purchase and main- 
tenance of the best lightning arresters on the market. 

In order to obtain maximum protection at minimam cost it 
is necessary: 

1. To determine the location of the stations, transmission 
lines and apparatus, and to become familiarized with the 
character of the surroundings with respect to geogi-aphic 
position, physical characteristics, frequency of thunder storms, 
strength of prevailing winds, etc. 

2. To know- the nature of the system as to voltage, load and 
distribution, as for instance, if low tension a.c. or d.c., or high 
tension distribution with substations, or if grounded or un- 
grounded neutral is to be employed. 

The Westingbouse Electric Company recommaids that to 
obtain absolute protection arresters be placed at all points 
where apparatus is located. In circuits not exceeding 2500 
volts it will usually be sufficient to place arresters at various 
intervals where good ground connections are available. These 
arresters should be so placed as to leave no considerable length 
of circuit unprotected, and should be more numerous in neigh- 
borhoods where circuits are exposed, as is the case in outlying 
districts where the lines are not protected by buildings and 
trees. Under average conditions satisfactory protection will 
be secured if no point of the circuit be more than 1000 feet 
from the arrester. For voltages exceeding 2500 volts arresters 
should be placed as nearly as possible at or near apparatus on 
exposed lines. 

In all caseH of circuits with ungi*ounded neutrals an-eHtei-H 
rated at the voltages between line wires should be chosen, that 
is, for the niaximnni working voltajne. and not for the voltage 
between line and ground. If the circuit has a grounded 
neutral, arrestei-s should Ih" chosen for ii voltage 20 per cent, 
greater than the uiaxiniuni voltage between line and ground. 
For example, for a circuil with gi-ouuded neutral having 16,500 
volts between line and ground (approximately 28,000 volts 
between line wires) an-csters foi- :!0,0O0 volts should be chosen. 
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If, bowever, the tranBfonners are connected in star in both 
high-tension and low-tension windings, arrestero should be 
chosen as when the neutral iB not grounded. They should 
always be placed on the line side of all apparatus. 

Protection and maintenance of protective apparatus is of 
great importance for effective protection of tbe system. 
Broken or damaged parts should be replaced after each storm, 
including both arresters in tbe station, as well as insulators, 
poles, boms and other protective appliances located out of 
doors. All disturbances are recorded by placing paper sheets 
behind the arresters which also indicate if proper protection is 
obtained, and if any adjustment of the spark-gap and resist- 
ance is necessary. Proper ground connections which must be 
inspected from time to time are essential. Without these, all 
protective measures are of no avail. One method of making 
good ground connections is as follows: Tbe ground wire, or 
what is even better, a copper strip, should lead directly to 
ground with as small a number of bends as possible, and the 
ground connection should be next to the arrester. In case the 
ground under the device is not suitable for a good connection, 
a proper ground is made at some other point which is then 
connected with the ground under the arrester. Copper sheets 
are recommended for the ground, thick enough to prevent wast- 
ing away, approximately 1-16 inch thick, and having at least 
i square feet of surface. The ground wire must be carefully 
soldered and riveted to this plate and then buried in {lowdered 
coke or charcoal in soil which is always damp. Dry, sandy 
soil should be kept wet by artificial means if this is tbe only 
soil available for tbe ground connection. Where plates are 
placed in streams of running or dead waler, they should be 
buried in mud along the bank. Where there are metal flumes, 
pipes or rails it is advisable to rivet op solder the ground wires 
to them in addition to the connection to tbe copper plates, and 
when rails are utilized they should be thoroughly grounded. In 
view of the fact that it is advisable occasionally to exumine 
the underground connections, it is desirable, when the ground 
plates are installed, to lay out exact plans of their location 
and that of tbe ground wires and joints. 
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This chapter is essentially a continuation of tlie chapter on 
low-tension a.c. switchboards where 250 to 600-volt circnits 
were treated. The intermediate chapters are inserted for the 
sake of discussing the devices and provisions for high and 
extra high tensions hefore a description of their mutual inter- 
relation and connection with station arrangement is under- 
taken. 

OBNESATOB 

The switching arrangement for 1150 to SSOO-voIt cirenits 
corresponds In many ways to the 600-voIt arrangements. In 






Fio. I8S.— LocattoD of Buibiin or Biu Wlrga tor 
YolUges from 600 to 6600 Volts. 

most cases the oil switches are mounted on the board proper, 
and the measuring instruments are directly connected to the 
main lines, but it is advisable for higher tension to snpply 
them through series or shunt transformers. Generator oil 
switches are non-automatic, while the feeder switches are pro- 
vided with automatic trip coils. Three-phase generators or 
feeders require one or three ammeters according as the load is 
balanced op unbalanced. Potential regulators are often used 
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with 8 ingle- phase feeders in which case ii compensa ting- 
voltmeter mounted on the board is required, in order to indi- 
cate the reguhited voltage. For busbars either i'op()er wire or 
copper bars are used accordiug to the amperage of the plant, 
and these are mounted on insulators at the bai-k of the awitch- 
board near the upper edge. See Fig. IH5, which shoWK the loca- 
tion of the a.c. and d.c. buses, relative to the board. The 

rr 

I 

I 



Via. 188.— IISO and 2800- Volt Single-Phase Feeder Panel with 
Feeder Regulator. 

illustration shows an example of the case where several gen- 
erators are excited from d.c. busbars fed % one or more 
exciters. 

A generator feeding one set of busbai-K is xiiouii in 
Fig. 1S6. The voltage between anj two phases is indirated bv 
a voltmeter connected through a plug switch. The generator 
rheostat is operated from the board, and is mounted on it or 
away from it according to its size. The size of this rheostat 
depends upon the exciter current. 

Fig. 187 is a diagram for a two-phase generator. In the two 
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figures note the diCFerence in tbe position of the syncbrooizing 
plug switches for starting ancl running cooditioDS of the 
machine. One synchronism indicator with these ping switches 
suffices for all the generators. 

A single-phase feeder connected to the busbars through an 
oil switch is showu in Fig. 188. A potential regulator is pro- 




-1160 and 2800-Volt Single-Pliase Feeder Panel with 
Plug Switdiea and Expulsiou Fuses. 



rided, which is operated from the board through chains. Note 
the connections of tbe shunt transformers to tbe compensating 
voltmeter. 

Fig. 189 is an arrangement similar to tbe one described 
aboTe, with the exception that the oil switch is replaced by 
plug switches, and that protection is afforded by nsiog fuses 
instead of trip coils. The type of fuse employed is that shown 
in Pig. 80. LigbtQing arrestern are provided. 
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Tvo systems of coDnection for a high-tension geiierator are 
given in Fig. 190. In tbe one, the oil switch is operated bj 
a motor through a small ctonble-throw switch, while in the 



Fio. 100. — Wiring Diagram of AlterDating-CuireDt Generator Panel. 

other, a toggle mechanism is used. A solenoid operated oil 
switch might also be used to replace the motor operated H3 
switch. 

In both cases the switchboard has the same equipment. One 
each of the following instruments and apparatus is used: 
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Ammeter, voltmeter, wattmeter, watt-hout meter, small double- 
pole, double-throw switch for the wattmeter, four-point re- 
ceptaeles for synchroniziDg connectioDs, haodwheet and ehain 



Fio 191.— Wiring Dittgnm of AltLinntiiig-Current Oenerator Puiel with 
Step-up Transfonner. 

operating mechanism for field rheostat, siugle-pole single- 
throw carbon-break field switch with discharge clips, double- 
pole double-throw engine-governor controlling switch, single- 
throw, triple-pole non-automatic oil switch, series transformer, 
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aud two shunt ti-ansformere. For a maiiually operated oil 
switch, the motor control switch .is replaced on the board 
by the handle of the toggle mechanism. The serira and shunt 
transformerB are mounted awaj' from the board because of the 
high voltages to which thej- are connected, and all high-tension 
wires are also kept well away from the board. The exciter, 



Fig, IW.— Wiring Diagram of Exciler Panel. 

synchronizing, operating, and ground buses run across all the 
panels carrying instruments connected to them. 

Fig. 191 is flimiiar to 190 except that step-up transformers 
are connected to the generator. This arrangement is often 
used for high-tension long transmission lines in order to save 
copper in the lines. Series and shunt transformers are joined 
to the primary sides of the main transformers. Oil switches 
and busbar compartments should be mounted near to each 
other and in fireproof cells and compartments. (See 
Chapter XXII.) 
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If an alternator is to be thrown into parallel with a ctrcoit, 
foar conditions most be fulfilled. 

1. The machine most run with precisel; the same freqnency 
as those in the circnit. 

2. This frequency must remain constant. 

3. The machine voltage must be in phase with that of the 
system. 




Fio. 198.— Wiring Diagram of Outgoing Line PutoL 

4. The terminal e.m.fB. of the alternators must be exactly 
equal. 

Succeesfnl parallel running of alternators results in proper 
load divisioD of the machines, which should ron without 
hunting. 

The exciter supplying the generator field circnit may be 
driven by a steam or gas engine or by an induction motor fed 
from the main busbars. It is essentially a d.c. generator of 
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low voltage (125 volte), with similar connections. (&ee Fig. 
192.) A fuse is inserted in the positive lead to take the place 
of the circuit breaker. One voltmeter will be sufficient for all 
the exciter macbinee. The positive exciter bus will usually be 
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Pre. 194.— Wiring Diagrams of Incomiog Feeder Pnncla. 



found on the switchboard, while the negative is placed under 
the floor in the exciter foundations. 

FEEDBSa 

An outgoing feeder with its connections is shown in Fig. 
193. For unbalanced load, transformers are inserted in each 
leg, to be nsed for the three ammeters. Aatomatically actuated 
oil switches, when operated electrically, are tripped by relays, 
and if manually operated they can be tripped either by relays 
or directly from the series transformer. For overhead lines, 
lightning arresters and reactors are inserted. Additional pro- 
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viBion to discotmect the feeders from the line is fonnd in the 
disconnect ing switches. Three ground detectors are connected 
on the Hue Bide of the feeders. 



Cat^iiniarM 




.—Wiring Dlngrunis of Tliree-Plinse Syncliromniis Converter Con- 
ns, for lljgli VolUge Pauel. Low Voltage Startiug Pauel mid Bloner 
Motor PuDel. 

For incoming feeders only one ammeter with a series trans- 
former is used. (See Fig. 194.) In some cases the central 
station feeder-control is siiffirient, so that incoming feeders of 
substations require no further instruments outside of light- 
ning arreslers. 
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SYNnittONOlIB COSY 

The d.c. wide nf ronverters lias keen fully discussed in 
Chapter III, so that only the a.c. nide remains to be treated 
here. As previonsiy stated a synchronoas converter is built 
to interconvept direct and alternating currents. The connec- 
tion to the alternating bnsbars of the system is made either 
directly or through a step-down transformer, according to the 
tension in the system. The latter method is the more frequent 
because the a.c. side of the converter must usually be joined 
to a 370 to 430-volt line, and If the converter is in a substation, 
a much higher transmission voltage is led to it. The a.c. gen- 
erators also deliver current at high pressure. Wiring diagrams 
for a three-phase converter, with transformer, are shown in 
Pig. 195. 

The starting voltage mnst always be reduced in order to pre- 
vent a sudden rush of current from the transformers, and this 
is done by means of the auxiliary taps from the transformer 
secondaries. In starting, therefore, the double-throw switch 
connects the converter with the auxiliary taps, and as soon as 
the machine has reached full speed it throws in the entire volt- 
age of the ' low-tension side of the transformer. Special re- 
actors are inserted between the transformer and the converter 
in order to prevent too great a starting current. These coils 
may be separately boxed up, or the transformer itself may 
possess the necessary reactance in which case the extra coils 
are omitted. It is customary to start converters of 300 kw. or 
less in this way, with the starting voltage at half the normal 
pressure. The starting voltage for 300 to 1500-kw. machines is 
from one-third to two-thirds the normal. If a.c. is used in 
starting, the armature windings act on the field-windings like a 
transformer primary on its secondary. A lai^ number of field 
turns in comparison to the number of armature turns may 
generate a high value of e.m.f. in the former, which should be 
limited. This is accomplished by breaking the field-winding 
at a number of points by a multipoie switch mounted on the 
frame of the machine. The connections shown dotted in Pig. 
195 are used only when the converter is started on the d.c. 
side, or by an induction motor^ in which case synchronous 
starting is essential. 
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Fig. I'M IS a wiring diagnim for a si^s-phase converter with 
a three-8tep connection to the lon'-teneion side of the trans- 
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Fio. 196.— Wiring Dliigrain of a Six-Pliase SjnchroDOus Converter, for HIgb 
Voltage Punel. Low Voltage Siarlitig Panel and Blower Motor Panel. 

former. If the transformere are air-cooled the connections' of 
the ventilator motors are made as indicated in the figures. 

The above method of starting is applicable in all cases for 
converters with low frequency, or when the flactuations at 
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HtartiDg exert no material inflneiiGe on tbe voltage regulation 
of tbe Bystem. 

The inBtramentB and apparatus for the control of the a.c. 
side of converters are placed on two panels. A main board 
controls the high-tension side of the transformers, and there- 
fore carries an ammeter, a controlling switch for the synchron- 
izing oil switch and plug switches when necessary. The latter 
are used when starting from the d.c. side, or by an induction ' 
motor. The second panel is smaller, and is mounted inde- 
pendently near the converter. It carries the multipole switch 
which controls the low-tension side of the transformer, and 
hence the machine itself. Tbe d.c. side has a switchboard of 
its own, as previously mentioned elsewhere. 

If the system is snch that it requires precise voltage 
r^nlation, it is advisable to start the converter by an indac- 
tion motor mounted on the same shaft. (See Fig. 197.) This 
increases the certainty of starting, as each machine has an in- 
dependent starter. Any accident to the motor, however, will 
cripple the converter. Before tbe machine is connected into 
tbe circuit it mast be synchronized with the line. The 
synchroscope can be made to indicate whether or not the proper 
condition of syucbroniam obtains by properly connecting the 
shunt transformer and plug switch. A small additional 
switchboard will be required under these conditions to carry 
tbe starting switch for the motor. 

The procedure for starting from the a.c. side of a converter 
is therefore as follows (" Standard Handbook of Electrical 
Engineers," p. 908) : 

1. All switches except the negative switch on tbe machine 
must be open. 

2. Close the feeder oil switch which connects to the high- 
tension busbars. (This applies to the substations.) 

3. Close the oil switch on the high-tension side of the trans- 
former. 

4. Close the starting switch of the low-voltage taps on the 
low-tension side of the transformer, i. e., the upper side of the 
double-throw switch. 

5. As soon as the converter is in synchronism with the line, 
cloee the equalizer switch. 

6. Clow the neries-shniit switch. 
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Note — If there are other converters on the line, the separate 
excitation of the series field seeks to establish a correct polarity 
hj menus of the equalizer buses. If its polarity ie reversed it 



Ftfl. 197.— Wiring Diagram of a Six-Pliasc Converter nitli a Three-Phose 
luductioD Motor for starting. 

can be quickly corpecte<l by throwing over the field-break-up 
switch. The double-throw switch must be immediately re- 
versed, however, since its lower position is only for reversal of 
polarity. 
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7. After the correct polarity has been obtained, throw the 
field-break-up switch into the upper poaition. 

8. Throw the double-throw switch on the full voltage of the 
low-tension side of the transformer, by throwing the starting 
switch from the upper into the lower position. 

9. Push up low-voltage release of circuit breaker and close 
the d.c. circuit breaker. 

10. Regulate the field rheostat. 

11. Close the main switch on the switchboard, and again 
regulate the field rheostat to obtain the proper load factor and 
voltage. 

To shut down a converter open the d.c. circuit breaker, pwlt 
out and turn circuit-closing auxiliary switch to stop the ring- 
ing of the alarm hell ; open the d.c. main switch on the panel ; 
open the high-tension a.c. oil switch, allow machine to run 
down in speed until volts fall off to about 100 before opening 
the field-break-up switch or starting switch; open field-break 
switch, equalizer switch, series-shunt switch, and starting 
switch. 

SYNCHRONOUS AND INDUCTION MOTOBS 

In the chapter on starting compensators, the switching ar- 
rangements for this kind of motor and the method used for 
starting them with the aid of compensators were discussed. 
If, however, the motor is so small that it consumes only a very 
small fraction of the station current, it is started and run 
directly from the busbars. A step-down transformer should be 
inserted if the voltage of the system so requires. 

Two switchboards are required for the induction motor run- 
ning an exciter. One is similar to the kind used for incoming 
feeders. The other is smaller and carries only a double-pole, 
double-throw starting switch, and is set up near the motor. 
The connections are shown in Fig. 198. The motor is connected 
pn the low-tension side of a transformer-bank whose high- 
tension side is supplied from the main buses. At starting, the 
double-throw switch throws the motor in on half the trans- 
former voltage, and when full speed is reached the entire volt- 
age is thrown on. 

Fig. 197 also shows the connections of the induction motor 
to the low-tension side of the transformer, and likewise the 
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manner of starting. The normal voltages at which the various 
induction motors are run are as follows: 

Cyclea. V<^. 



Machines for higher voltages are built upon special order. 
A synchronous motor -is usually nothing more than a re- 
versed alternator, whence it follows that the latter is often 




Pio 199,— Wiring Dingram for Inductton Motor Connection, 
High Voltage Panel and Low Voltage Starting Panel 

used as euch. These motors are preferred for motor-generator 
sets for the conversion of alternating into direct current, or 
into altematiag current of different frequency, potential and 
phase. 

In an induction motor, the i>owpr-factor is predetermined 
by its design and conBtmction, and its current is always 
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luring in pbase. With the synchronous motor, on the other 
hand, the current can be made to lag or lead in phase by vary- 
ing the field excitation. The synchrouoas motor, therefore, 
can be employed to advantage not only for fall power-factor, 
i. e., for minimum current, but also to compensate the in- 
ductive load on the Bystem, bo that for the combined load at 
the given voltage and power output the system will operate 
at maximum efficiency. 

ThiB motor Ib Btarted with the aid of a compensator, or, if 
frequent starting is necessary, a separate indnction motor is 
nsed. The latter brings the synchronous motor to full speed, 
and the field is then excited at the line voltage. Whereupon 
the induction motor is shut off. During the starting period 
the field and armature windings of the synchronous motor act 
like those of a transformer. Therefore, if the field-winding 
has a large number of turns, so as to have high inductance, 
the winding is broken at a number of points by means of a 
mnltipole lever switch. (See Synchronous Converters.) 

To reverse the direction of rotation of a three-phase syn- 
chronous or induction motor, it is simply neceBsary to reverse 
any two of the lead connections. For two-phase machines the 
connections of both leads of one phase must be reversed, 

INSTBDMHNTB 

Instruments will be discussed only in regard to their ap- 
plication in a.c. practice wjthont going into the respective ad- 
vantages and disadvantages of the various types. 

To determine the output of an a.c. generator, one or more 
ammeters are necessary. One instrument only is used under 
balanced load, that is, when the load consists only of rotating 
apparatus, such as converters or motor-generator sets, etc. 
Two ammeters are required for two-phase circuits, and three 
for three-phase under unbalanced load, such as onrrent de- 
livery for lighting. Another way of ascertaining the current 
in each feeder under these conditions using only one ammeter, 
is to join this instrument by means of plug switches and re- 
ceptacles to a number of series transformers corresponding to 
the phases of the circuits. With alternating current an am- 
meter fails to give any information as to the distribution of 
the load on the various machines. A wattmeter for each 
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machine is therefore required especially for this purpose. A 
single voltmeter can be made to indicate the voltage of any 
generator by simply conuectiag it to the required machine by 
means of a plug switch. Sometimes a second voltmeter is con- 
nected to the busbars. This affords a means of calibrating the 
scales of the two instruments from time to time. Field am- 
meters are sometimes used as they give an easy way of ascer- 
taining if anything is wrong in the machine itself. A power- 
factor indicator is not absolutely necessary, as a wattmeter 
can be made to perform the same function by using it with a 
double-pole double-throw switch. The wattless component can 
be read off directly if a polyphase wattmeter is used. One fre- 
quency indicator will do for each set of busbars, f^ince the 
introduction of turbo-generators these indicators have come 
to replace the tachometers used formerly to indicate the speed. 
To obtain a record of the generator energy output a watt-hour 
iieter is a very efficient instrument. 

The instruments which indicate synchronism for generators 
;ind converters are of great importance. By synchronons run- 
ning of a given machine with respect to other machines, with 
hich it is connected in parallel, is meant such a condition of 
running that the frequency and phase relation of the given 
machine are the same as the corresponding quantities of the 
other machines. Two machines have the same frequency when 
the number of alternations of their e.m.fs. in a given time are 
equal to each other. This condition is fulfilled when the prod- 
uct of the number of poles by the revolutions per minnte is 
the same for both machines. Two machines have the same 
phase relation when the relati%'e position of their armatures 
with respect to their field poles is the same; that is, when cor- 
responding armature turns are opposite corresponding poles 
at the same time. When two machines have the same fre- 
quency, phase and voltage, there will be no unbalanced e.m.f., 
and consequently if they are coupled in parallel no rush of 
current will ensue. It is evident, therefore, that before 
machines can be coupled in multiple they must be synchronized. 
Instruments must consequently be provided to indicate when 
synchronons running Is obtained, so that the connection may 
be made at the proper instant. Incandescent lamps and syn- 
chroscopes are the devices employed for this pnrpose. Figs. 
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199 a, b, c, and d are a nnmber or diagrams for BVDchroQizmg 
machm«8 with voltmeter, lamps and plag switches. In 'a' 
and ' b ' the alternator is in multiple with the load. At the 
instant that the required condition of synchronism is ob- 
tained the lamps must be dark because the generator flux is 
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Via. 190.— BigD&] Lamps as SjnchroniEiDg Devices. 

then opposed to that of the system, and both generator and 
system hare the same phase, so that they are balanced in the 
connection. The same conditions obtain in ' c,* where the 
alternator is in multiple with another machine. The lamp is 
darkened at the instant of synchronons running. In case ' d ' 
a synchronous converter ]s to be connected to the system. As 
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syDcbrunitiiii i» apiti-oached the palsation tbroagh the lamps 
decrease in nuaiber, until the lamps go out at the instant when 
perfect uync-hronism ie reached. The use of lamps has the diB- 
advaDtage that a large difference of phase is required to make 
them burn, and that they do not indicate if the machine is run- 
ning too fast or too slow. Moreover, since their use as syn- 
i-lironlsni indicatut-u depends upon the fact that they become 
dark at the required moment, it is possible that an undetected 




Pio. 300.— Couui^cttoii tor Byncbrouisin Indicator wilh Qronoded 
Secondaries on Sbunt Traiisfonners. 

flaw in the lamps may give an erroneous indication as to the 
Hynrhronisni of the machine. A specially constructed syn- 
chroBcope is therefore employed to advantage. 

The functions of this instrument are: 1. Indicate if the 
machine to be thrown in is running faster or slower tbau those 
in circuit. 2. Indicate the difference in the speeds. 3. Indi- 
cate the moment when both machines are in synchronism. 
These functions cannot be performed adequately by lamps 
alone. Lamps are neverthelesH used in connection with the 
synrhrosciijM' in order tn facilitate the i-eadinft of synchronism 
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at a distant point. Fig. 200 hIiows a wiring diagram of a 
General Electric syncbronism indicator with a aet of lamps in 
parallel which darken when aynchronism is obtained. The 
plugs are inserted in the receptacles according as the machine 
is in starting or mnning. In this diagram the secondary 
transformer windings are grounded. Fig. 201 shows the trans- 
former secondaries not grounded. The dotted lines are the 
connections for the lamps when the latter are to be brilliant 
when synchroDism is obtained. 




Lighting and power feeders should be provided with an 
ammeter, and in ease a potential regulator is inserted in the 
line, a compensating voltmeter must be added in order to in- 
dicate the regulator voltage. Recording instruments are some- 
times used for plotting the output of any given feeder. All 
instruments should be so placed that they may not come under 
the influence of outside magnetic fields. The instruments take 
their current from series or shunt transformers which are so 
designed that the current or voltage of the secondaries is the 
same for all trausformers for the required ratio. Five amperes 
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is the normal current for the secondaries of series transformers, 
HDd 100 volts the normal voltage for sbuDt transformer 
secondaries. The latter are compensated so as to give a correct 
load ratio, while the former are compensated with regard to 
the loss with a given current. The load placed upon them 
should be light and of as small an inductive value as possible. 
All secondaries of instrument transformers should be grounded 
in order to eliminate puncturing of the insulation between 
primaries and secondaries. If the transformerB are mounted 
away from the board, the secondary leads of a number of the 
transformers are led to the board together in conduits. 

The Underwriters recommend the grounding of the neatral 
point of low-tension circuits when the conditions are such that 
the maximum normal voltage between the point connected 
and ground will not exceed 250 volts. This means that 
one Bide of a 250-volt circuit or the middle point of a 500- 
volt circuit may be grounded. For potentials above 500 volts, 
and not exceeding 6600 volts, a safety gap should be used in the 
ground connection. This applies to trannformers whose ratio 
of transformation is five to one or greater. The safety gap is 
of course set for the particular voltage to which it is con- 
nected. 

BWITCHBOABD PANELS 

In high-tension stations alt instruments and control and 
operating apparatus are placed on a switchboard which may 
be selected in any one of three forms, namely: 1, panel; 
2, benchboard, or desk, and 3, control pedestals and instm- 
ment posts. The material used ^or panels is white Italian or 
blue Vermont marble, or slate. The stone to be used should be 
free from metallic veins. These materials are fireproof and good 
insulators, and are strong, reasonably cheap, easily worked, and 
of agreeable appearance. The panels are generally carefully 
selected so as to match the colors of adjacent parts. White 
marble has the disadvantage of showing dirt, oil spots and 
scratches, which are diflBcuIt to remove. Soapstone is too soft, 
and is difficult to work up to make a good appearance. It is 
therefore not used for panels, although it is extensively em- 
ployed for other electrical construction purposes in the station. 
The finish given to marble or slate may be either a high polish, 
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black enamt'l, dull black, or marine finish. The staDdard 
thivkneeses are l.Q in., 2 in., or 2.5 in., with a 0.^75 in., or U.S in. 
bevel. The installation for high-tension panels is similar to 
that for low tension. InstrumentE are mounted on the upper 
part of the panels, control and operating devices in the middle 
within easy reach, that is, from 3 ft. to 3 ft. 6 in. from the floor, 
while relays are put on the base. This type of panel is used 
when the number of units is small, and when the extension of 
the board does not become too great. It is also used in cases 




where the space afforded by the control apparatus if removed to 
another board would be occupied by closely spaced instru- 
ments, which would hinder the attendant from readily picking 
out the required inatrument. They are almost always used for 
hand or wire-rope operated oil switches. 

Figs. 202 and 203 show a 2300-volt a.c. switchboard for the 
average central station. The switchboard contains panels for 
two exciters, of which one is driven by an induction motor. 
Both exciters have their own panel. This arrangement has the 
advantage that each panel with its exciter can be considered 
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aa a unit, aod can be disposed of or added as snch if any 
change is made in the equipment. The equipment for eacti ex- 
citer panel is as follows: One ammeter, one field rheostat, 
with handle, one triple-pole single-throw switch with fuses for 
125 volts, and one four-point potential receptacle. These panels 
are set up at the extreme end of the switchboard so as to dis- 
tinguish between the low-tension d.c. and the liigli-ten^ion a.c. 
sides of the board. The next panel is for the induction motor 
which drives one of the exciters. This motor is supplied 
directly from the busbars at 2300 volts which presumes that 
the other exciter is driven by an engine, or from some other 
Independent source. The equipment of this panel should con- 
sist of the following: One ammeter, one triple-pole single-throw 
automatic oil switch, operated by hand and mounted on the 
back of the panel, and one inverse time-limit relav. Tn almost 
all new plants a Tirrill regulator is installed, which is mounted 
between generator and exciter, hut which may here be placed 
on the motor panel, as there is sufficient space to receive it. 
As the regulator is to control two exciters, an equalizer 
rheostat should be added on one of the exciter panels. The 
voltmeter for the exciters is mounted on a swinging bracket on 
the d.c. side of the switchboard. 

The next panels in order are the two generator panels, each 
for 1000 kw., 2;{00 volts, equipped with the following instru- 
ments: Three ammeters (unbalanced load), one polyphase 
wattmeter, from which is read the load division on the two gen- 
erators, one field ammeter, which, as previously mentioned, 
facilitates detection of generator troubles, one voltmeter, to 
read the voltage of the machine between any two phases, and 
also the potential of the buses by means of an eight-point re- 
ceptacle, one four-point synchronizing receptacle with the 
necessary synchronizing plugs, one double-pole single- throw field 
switch with discharge clips and resistance, one field rheostat, 
which, when small, is mounted on the panel and is operated by 
a handwheel, and when large is placed away from the boards 
and is operated electrically or by chain ; and one triple-pole 
single-throw non-automatic oil switch. Non-antomatic oil 
switch is recommended for generators, becanse when syn- 
chronizing, if the machines are not exactly in synchronism 
when they are connected together, or if a short-circuit or over- 
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load occura on anj' feeder, an automatic generator switch is 
liable to open aod shut down the plant. Most a.c. generators 
are so designed that they can carry a momentary short-cir- 
cuit without injury. When panels are furnished for turbine 
driven generatorn rated at more than 500 ^w., a double-pole 
doable-throw engine governor control switch is furnisbed 
for controlling the motor of the governor. Two series and 
ahunt transforiuevs are provided for the inntruments which 
are generally mounted on pine supports or on the wall. (See 
Bide elevation.) The synchronism indicator witb signal lamps 
is placed on the nwinging bracket with the d.c. voltmeter. 

When motor-generator sets are used for furnishing either 
Edison three-wire d.c. service or 50ft-volt railway or power 
service the synchronous motor is supplied directly from the 
main buses. The equipment for tbe motor consists of a triple- 
pole single-throw magnetizing oil switch, a starting com- 
pensator, and a triple-pole double-throw oil switch. In start- 
ing it is supplied with current through the magnetizing switch 
and compensator, and through the other side of the double- 
throw oil switch when running. Tbe magnetizing switch and the 
double-throw switch are interlocked so that the latter is either 
directly connected to the busbar, in which case the primary 
switch is open, or to the compensator, in .which case the 
primary switch is closed. Operation is accomplished by two 
handles so that only one at a time can be in the outer position. 
In place of a double-throw oil switch two single switches are 
sometimes used, so that tlie motor is started through two 
switches and is maintained through one. In the side elevation 
there is shown the magnetizing oil-switch mounted on a 
separate pipe support at tbe back of the board. Tbe equipment 
for the Hvnchronoua motor panel is one main ammeter, one 
field ammeter, one field switch with discharge clips and re* 
sistance, one rheostat with handwheel, one synchronizing 
receptacle, and one shunt and two series transformers boitt 
into the feeders. 

The next panel is that for the synchronous converter. When 
converters are used for feeding Edison three-wire service it is 
ciiatomary to install a regulator on the a.c. side of the con- 
verter in order to be able to control the e.m.f. of the d.o. 
service. This regulator is usually made motor controlled, and 
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in such casea a double-pole double-throw switch shotild be 
mounted on the panel. Beaides this tlie panel carriea one 
main ammeter, one ajnehronizing receptacle, one triple-pole 
single-throw automatic oil switch, and one ahunt and two 
series transformers, 

The diagram shows two kinda of a.c. feeders, one three- 
phase and one single-pbase. Thf former is used for motor 
power distribution, and the latter for lighting. If three-phase 
feeders are used to feed lamps as well as motors, the lighting 
circuit is connected to one i)hase of the three-phase feeder, and 
the regulator is inserted in the same phase. 





Fin. SIM.—Hlgh-Teniton Switchboard. 



The three-phase feeder panel for motors only carries three 
ammeters, one triple-pole single-throw automatic oil switch 
and two series transformers. Such petnelB for both lighting 
and motor power have in addition a compensating voltmeter, 
a handwheel or control switch for operation of the regulator, 
and a shunt transformer. 

If single-phase feeders are used for lighting, the equipment 
should be as follows: One ammeter, one compeoaating volt- 
meter, one donble-pole single-throw automatic oil switch, one 
series and one shunt transformer. All feeders used for light- 
ing have inverse time-limit relays. A ground detector is 
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mounted on a swinging bracket and is connected to tfae bos- 
bapB. The latter are supported on the pipe framework which 
holds the panels. As noted above, the series and shunt trans- 
formers are mounted on the same framework or on the wall, 
according to the arrangement of machine cables and feeders. 
Thej must never be mounted on the board, however, since thej 
are connected to high-tension wires. 

A switchboard for two three-phase 800-kw. 11,000-volt 
engine-driven generators, one engine-driven exciter, one induc- 
tion motor with an exciter and two high-tension feeders is 
BhovD in Fig. 204. The two exciters are controlled from the 
same panel, which therefore carries a double equipment. The 
induction motor circuit and the feeders are each furnished 
with three single-pole automatic K4 oil switches operated as 
triple-pole switches. They are mounted in separate cells away 
from the board. Similar oil switches, but non-automatic, are 
provided for each generator. All cells should be placed i» a 
row in the same order as their panels. For each overhead 
feeder there should be a lightning arrester with two discon- 
necting switches, one to break the line and the other to dis- 
connect the arrester. The diagram shows the connections by 
simple lines. The side elevation is the same as that for the 
central station with the exception that single-pole oil switches 
are used in place of three-pole. The buses are mounted on in- 
sulators above the cells, and are quite exposed. This arrange- 
ment is not to be recommended for large installations, for with 
such high voltages, in this ease 11,000 volts and large kilowatt 
rating, separate fireproof compartments should be provided for 
the buses. The small wooden gallery over the buses serves for 
mounting the shunt transformers, and for the purpose of oper- 
ating the disconnecting switches, which for the overhead lines 
are placed high up out of reach. 

Figs. 205 and 206 show a Westinghouse switchboard for the 
control of two 150-kw., IS.'i-volt exciters, seven 1500-kw., 2200- 
Tolt generators, and two banks each of three 1500-kw step-uji 
transformers. The swinging brackets on the left carry three 
voltmeters and one synchroscope. The next two panels belong 
to the exciters, and the next seven to the generators, each one 
controlling two non-automatic type E oil switches to connect 
the machines to either set of bases. The rest of the equipment 
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18 tbe same as previously described. The last panels are for the 
step-up transformer banks, and each carries three ammeters, 
one power-factor indicator, one polyphase watt-hour meter, and 
also controls two automatic oil switches with their overload re- 
* lays. The necessary series and shunt transformers are built 
into the Hue. The diagram shows tbe connections of only one ~ 
of the generators with one of the transformer banks. All 
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bases, oil switcliea. and instruments transformers ai-e enclosed 
in separate fti-e[H'oor i-eHs and compartments. .\ voltmeti'r 
and frequency indicator are connected to each set of busbars. 
A typical arrangement of feeders and generator panels is 
shown in Fig. 207. The switchboard is set up separated from 
the oil switches and busbars. In order to indicate to the at- 
tendant the functions of the various oil switches controlled 
and operated from the board, there are mounted on the board 
next to the control apparatus a set of mimic busbars with con- 
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nectioDs. The (-onoectioiiB to these bases are an exact aiogle 
line reproduction of the actual an-aogeineDt. Small kolfe- 
blade awitches or wbite indicating lamps are used in the I'on- 
nections and mimic buses to represent the disconnecting 



Fra. 206.— Wiriug Diagram uf Buurd Sbowu Id Fig. ^U3. 

siv'itcbeB. Wlienever a set of disconnecting switches is opened 
the attendant opens the corresponding knife-blade switch in the 
mimic arrangciiicnt, or nn indicating lump is automutically 
lighted- This matcriall.v reduces the liability of wrong switch- 
ing. Two signal tamps, one i-ed and one green, ai-e t.'ounected 
to the control npjmriiliiH to indicate whether the oil switch is 
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open or closed, and a name plate with the number of the gen- 
erator, feeder or traneformer bank is placed next to them. The 
illustrations in Fig. 207 show two parallel copper atripa i-epre- 
eenting two sets of busbars. On the generator panel there are 
three control switches which operate three oil switches. The 
generator has one main oil switch and two selector switches, 
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Fio. 207. — Typiwil GcDerator aiiU Liiiu Coiilrol I'uuul. 

which connect it to either set of busbars. The field rheostat ' 
of the generator is motor oi>erated and is controlled from the 
board. The feeder panel controls three Independent sets of 
feeders, each of which possesses two electrically operated auto- 
matic oil switches. The same is true for the transformer 
panels. 
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When it is desirable to reduce the length of the switchboard 
to a minimum all control apparatus (for electrlcallj operated 
oil switches, field switches, field rheostats, governor control, 
and motor Bwitcheti, etc.) are mounted od a t>ench board. In- 
struments for the various circuits are arranged 80 as to 
enable the atteudaut ensil.v to pick ont which instruments and 
control apparatus belong together. Thej may be mounted on 
an independent panelboard or on the panel which constitutes 




Fiu. 30H.— BeuchBoarf. 

the back of the bench. A panel on the bench itself or on a 
frame ovir the bpnrli is iilso sometimes used. One or more in- 
strument po8t8 might be employed foi- the same purpose. 

Fig. -^W shows a part of a lieiuti board with instrument 
board for 100.000 rolts. The wliolc board controls nine 
2500-kw., (iOOOvolt generator.s, two transformer banks of 
4000 kw. each. 6600 volts delta to B«.000 volts star, and 
two 110.000-volt feeders. When hiKt ailed complete the 
board will contml the entire sialioii nitcd at 50,000 kw. On 
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(lie liencU there are toouated tbe control apparatus for 
rheostats, field switches, governor control, and the oil 
switches for the generators and transformer banks. Tho 
plug switches for the synchroscoiw, ammeter, signal lamps, 
mimic buses and connections are also carried on tbe bench. 
Tbe instrument panel is set up above tbe bench on a cast iron 



frame so that tbe attendant can see between the bottom of the 
panel and the top of the bench, and so obtain a fall view of the 
station. The three station instruments on the swinging bracket 
on the right side can be brought into any desired position with 
respect to the board, so that the attendant can see them from 
any position. The supports for the instrument panel also serve 
as a railing iironnd tbe gallerr. The front of the panel faces 
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tbe inside of the gallery. The instrumentB on the vertical 
panel correspond in position to their control apparatus on the 
bench. 

Other examples of this type of switchboards are bench 
boards for 11,000 yolts; set up by the \^'eBtinghoiiae Com- 
pany in tbe Williamsburg power house of tbe Brooklyn Heights 
Company. A separate bench with instrament board is 
furnished for the- generator control. Opposite the bench is 
placed a double switchboard for the control of all other high- 
tension machines and feeders. Tbe space between the opposite 
panels in the feederboard is closed by two doors, one at each 
end. The front and rear board carry both instruments and 
control apparatus (front board), and also the necessary relays 
(rear board). The d.c. panels with tbe exciter, battery, station 
lighting and motor panels are mounted independent of tbe 
high-tension switchboard. Symmetry and artistic appearance 
are observed throughout and by compact arrangement a mini- 
mum amount of space for controlling the entire large plant is 
taken up. 

Fig. 211 shows a combination of a bench and instrument 
panel with a panelboard in back of tbem. In tbe illustration 
the panelboard is not shown. The space between the boards 
is closed by two doors. A cast-iron framework holds the panels 
together, and the whole forms an independent closed com- 
partment. The two boards at the extreme right and left con- 
trol the exciters. Belays, controls for electrically operated 
field switches, wattmeters, switches for station lighting and 
watt-hour meters are carried on the rear panel. Tbe bench 
board and instrument panel at the front carry the control ap- 
paratus and instruments for tbe generators, feeders and trans- 
former banks. When Tirrill regulators are used they are 
mounted on the vertical boards on either side of the bench. On 
the wall in front of the bench there are sometimes mounted 
the control apparatus for electrically operated rheostats and 
governor controls, and for the electrically operated gates for 
tbe intake water for the i>owcr house. The separate parts of 
the bench and panels are held together by gas piping and 
clamps. The exciter buses and gas pijws connecting opposite 
jianels slinuld be mounted so tliat one may safely walk under- 
neath them. Similarly the mounting of the exciter field rheo- 
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Btata aud the copper coQnections to the exciter buBes mnHt be 
Buch that safe passage is possible. 

iQstead of mounting the instraments on vertical panels 
they may be placed on posts with the corresponding control 
apparatus assembled on a bench or pedestal. Two of these 
instrument posts with a different number of symmetrically ar- 



Fio. 312— InBlnimeDt Po«ts. 

ranged instruments are shown in Fig. 212. They are often 
used as railing supports when they are placed on the edge of 
the gallery. Their upper parts are generally movable so that 
they can be turned by means of a handwheel at their base. 
Borne of them carry a set of receptacles with plug switches on 
the base, for testing the instruments. All instrument wires 
are carried inside the posts. 

Fig. 213 shows two pedestals with control apparatus, which 
constitute independent units with the corresponding instrn- 
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uient poets. One controls a generator, and the other a hank 
of three tranaformers. The control of the former is for oil 
switch, rheostat, governor-control and field switch. Hand- 
wheels for chain operated rheostats are alao sometimeti 
mounted on them. The frame is of cast iron anil the panels of 
bine Vermont marble. Control wires are led throagh the open 
base to the interior, and small doors are provided for inspec- 
tion of the varione connections. The pedestals are set up in a 
row in front of the ioHtrument posts so that the attendant can 
overlook the entire station. On the second -pedestal are 
mounted the mimic buses and indicating lamps. 
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CBLUa AITD COHPASTHEHTS 

As has been previously stated, liigli-tensioD apparatus and 
buBbars must be guarded by fireproof insulating barriers. The 
purpose of such barriers, cells or compartments is to protect 
apparatus, etr., against destruction by fire which may be caused 
by sparks, arcing or short-circuit, and at the same time to pro- 
tect attendants from accidental contact withhifiii-tension parts. 

Two kinds of apparatus requiring sue!) protection must be 
distinguished. The first includes appliances whose action is 
accompanied by sparking or arcs, the duration of which is 
determined by the voltage and value of energy back of them, 
as well as by the constmction and material of the instru- 
ments. Lightning arresters, disconnecting switches, fuses, 
etc., will serve as examples. Busbars, transformers, oil 
switches, etc., are appliances which will produce arcing ac- 
cidentally. The causes for this may be either careless han- 
ling, damaged insulation, too high tension, improper spacing, 
or short-circuit. Arcing is detrimental not only to the ap- 
paratus itself, but also to adjacent machinery. In this kind 
of apparatus the destructive effect is mainly dependent upon 
the energy back of the arc. 

In order to reduce the dangers mentioned above to a mini- 
mum the following points should be observed: 

1. The system of connections should be laid out as simply 
as the control of the station will admit. 

2. The connections from generators to transmission lines 
should follow the shortest and most direct path. 

3. Apparatus of the first group should always be placed in 
compartments when under high or extra high tension, while 
that of the second group at high and extra high tension and 
lai^ current, and those for smaller current, which are easily 
accessible, must also be enclosed in fireproof compartments. 

4. High-tension parts must be separated from each other, and 
from inferior insulation, by the greatest possible distance. 

S78 
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The choice of material for rouipin-tineDts is soniewliat re- 
stricted, for no material combining the qualitieB of cheapneBS, 
fireproofing, strength and perfect ioBulatioD is at present 
available. Although the material most oftea used may possess 
some of the above qualities it generally lacks the property of 
perfect iusulatioo. High-tension parts must therefore be 
widely separated on account of the danger of grounding, and 
this in turn calls for considerable space. Concrete or brick 
4 in. thick is most generally used for these compartments. The 
horizontal divisions are made of soapatone or slate. Glass, 
porcelain and asbestos are less in use on account of their 
fragility and poor insulation respectively. For very high 
tensions, busbars and bus wires are mounted bare. They 
should therefore be placed near the ceiling in order to prevent 
accidental short-circuit through falling objects and contact 
of the attendants. 

BUSBAR COMPARTMENTS. 



Dimensions of 23,000. S3.000. 4S,000. OS.OOO.Volt 
Compartment &re based on tbe assumption that 
Bui Wires are fastened to Insulator by means of 
Tarred Rope. If Metal Fastenings are used or 
Hetal Caps are required tor DUk-3Tritches or 
other purposes, the Dlmeasions sbould be in- 
creased so as to obtain tbe same Distance be- 
tween Compartment and neareat Lire Metal. 
Standard size of Brick. 8i"X4i'x8i'. 




Volu. 


Boa. 


A. 


B. 


C. 


5.000 to 15,000 


One— 2"x "bar 


13" 


12 " 




6.000 to 15,000 








4" 




Two— 3"X "bar 






3" 


fi,000 to 15,000 


13" 


12 " 


6,000 to I.'),0<« 






12|"orl4;" 


4"or5r 


22,000 




15" 


161" 


81" 








191" 


9i" 










13" 


66,000 




3'0" 


3-1" 


18" 


100,000 




4' 8" 


4' 8" 


2*4" 



Where such mounting is not feasible, or where the connec- 
tions are too complicated, the busbars are bnilt in compart- 
ments. These may be entirely closed, having openings op 
may be open on one side, in which case they would con- 
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Biat of a vertical wall vith horizontal bairierg between the 
buses. 

The figure and table on page 279 show a typical cross section 
of one of these compartments, with the dimensions for different 
voltages for horizontal or vertical mounting of busbars and 
the use of bus wire. All these dimensions are for the same 
make of insulators (General Electric), which are built into 
the horizontal base. The figure and toble below show these 
insulators for different voltage mounted on piping with the 
distances from center to center and to ground. With any change 
in dimensions in other makes for the same voltages the cor- 
responding dimensions of the compartments must be changed. 

BUS WIRE SDPPOBTS. 







Number. 


E,M-F. 


8p<u:it.(. 


Ground 

Dinanoe. 


Number. 


E.1J.F. 


8f«dD|. 


^fr^, 




Volu. 


Inch™ 


iDolwg. 




Volti. 


ladHB. 


Incha 


I 


6,600 


8 


6 


5 


33,000 


18 


10 to 12 


2 


15,000 


10 


7 


6 


45,000 






3 


22,000 


12 


8 to 10 


7 


60,000 


m 


19 


4 


33,000 


18 


10 


8 


100,000 


56 


30 



KoTB. — Ground distance (usually)— ^ 

Spacing ot series tran«Fonuei8 (setf-cooled): 



In Fig. 214 there are shown the cross sections of compart- 
ments for 6600 volts and medium rating, and OOOU volts at 
greater rating. This construction with insulators in the sides 
of the compartment is gopd up to 15,000 volts, but for higher 
tension, openings mast be left for the coDOection. In Fig. 
215 are shown a number of different arrangements of busbar 
compartments, in connection with the oil switch cells. (Form 
H3) for 13,200-voit plants. Note the mounting of the dis- 
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coDDecting switches between the barriers which are shut in by 
doors in the front. In the left-hand installation the lower stud 
of the disconnecting switch is connected to the buses. This 
arrangement is not to be recommended because when the dis- 
connecting switch is open, which presumes that the oil switch 
is also open, the handle is alive, although it should be dead in 
this position. The connections in this case are made of copper 




FlO, 314.— Bus CompartmenU for 6600 Volts Medium and Higli Rnlings. 

rods or tubing, but might just as well be made with copper 
wires. The space over the compartments is sometimes utilized 
for shunt transformer compartments. The busbar supports 
should be set up near the openings for the connections, or if 
special openings in the back of the compartment are provided, 
near these, so as to admit of inspection. They are generally 
spaced about 4 ft. apart. 

Fig. 216 shows a section, and Fig. 217 an elevation of oil 
switch cells (form H3). and busbar and instrument compart- 
ments for a 6C00-volt plant, whose control panels were shown 
in Fig. 207. It will be remembered that in that arrangement 
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the geDerator wae provided with one main and two selector oil 
switches, and tbe feeders aod traosEormers with two selector 
switches each. The two oil switches of Fig. 216 mounted back 
to back are the two feeder Belecfor switches mentioned above. 
The two inner poles are connected top;ether, and the feeders 
ran ont from this common connection. Tlie feeders are run on 



Kilt. 31-'> — Bus Componmeiits fur 13,300 Volb in Couneclion wiiL Motor 
Operated Oil Switches. 

the basement ceiling down the wall, where series transformers 
are built into the two outer legs. (See Fig. 218.) On the outer 
side of the transformers are inserted the disconnecting switches 
which join the transmission line to the station apparatus. The 
entire equipment on the wall is enclosed in brick compart- 
ments. The cables are conc'urtp^ tbrnii'-h the walls iinl floors 
in bushings, and the three-conductor cables are joined to the 
three single feeders by end bells. 
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111 Vigs. 219 and '220 the ai'rnugeineiits uf oil-switt-L cells and 
bus and instrument coiiipurtmeuts of the Williamsburg Power 
[Station of the Brooklyn Heights Railway Company are shown, 



Pio. 316, — Cross Section nt Bub aod iDalniment CompartmeDts of the Boston 
E^iaoD Company Power House. 

the main switchboard of which is shown in Figs. 209 and 210. 
It is a fonr-stopy arrangement with the generator and feeder 
gronp switches on the fourth mezzanine, the busbar compart- 
ments on the third and the feeder, motor, and tie oil switches 
on the second. The oil switches are type C Westinghouse, with 
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terminals on the back of the cell. The aeries traosformers od 
the fourth mezzanine are set up tinder a false floor, and thoae 
on the second in compartments on the back of the oil switches. 
The ahuDt transformers for the generators in Fig. 219 are set 
np in compartments on the wall of the third mezzanine, and 
those for the feeder group switches on the fourth mezzanine in 



Fia. 216. — Pln[i ikiiil Elevation of Bus and lostrument Compartments of the 
Boston EdisoD Company Power House. 

cells similar to oil-switch ceils. Primary fuses are moanted 
separately, and are easily disconnected from the sbunt trans- 
formers. Disconnecting switches are also provided between 
the shunt transformers and the high-tension leads. All discon- 
necting switches are set up in conipartmcnta, and are operated 
through rectangular openings on the front side. Notice that 
the generator and motor cables, as well as the potential and 
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inBtrnment wires are laid in conduits built into the concrete 
floors. All of the galleries are entirely separated from the 
engine room, with the exception of the third, which has a glass 
enclosed platform in front of the main switchboard facing the 
engine-room tfoor. 



Fig. 221 is an arrangement of cells for a 2200-Tolt plant of 
large capacity. The arrangement is divided into two parts, one 
control operating division sitaated in the engine room, and the 
other high-teneion part in a separate room ontside the engine 
room. Part of the flret division is on the engine-room floor, 
and fhp nthpr pnrt in thp gallerv. That on the floor in screened 



DiQitized^yGOO^IC 



288 ELECTRIC POWER PLANT ENQIXEERING 

off and carries the field rheoatats, their operating motors and 
the exciter buses. In the gallerjr are mounted the instru- 
ment posts, control pedestals, and the switchboard for con- 
trolling the exciters, motors, etc. The second division ib also 
composed of a basement and gallery. On the p&rt on the floor 
all the oil switches are found, and the busbar compartments 
are situated in the gallery. The connections are made b; cop- 
per bars. The bus compartments are open on the front side 
and the ov^iliangiug horizontal divisions are anpported by con- 
crete pillars. 

It is recommended by some engineers that all instruments 
and apparatus requiring special celts aUd compartments 
on the different galleries be set np outside the station so as 
to do away with costly constmction, at the same time preserv- 
ing the requisite conditions for safety to station and at- 
tendants. Their argument is, that as long as overhead trans- 
mission lines are left unprotected by barriers or special 
enclosures, even though they carry the same e.m.f. as the 
station appliances, this station apparatus may just as well be 
set up in similar manner, provided it is properly spaced and so 
arranged that accidental contact is made impossible. Such 
devices may therefore be installed overhead like transmission 
lines, with proper protection against snow and rain, etc. 

It will be noted that a more or less arbitrary distinction has 
been made throughout this treatise between high and extra 
high tensions. Extra high or highest voltages have been taken 
as those over 33,000 volts. 



DiQitized^yGOOgle 



CHAPTER XXIII 

WALL OUTIiBTS 

Bbinoinq higb-tension liDee into stationa necessitates care- 
full; coDstracted wall inlets, which will aucceasfnll; resist 
weather and electrical iDflueoces. When designing the build- 
ing the installation of l^ese inlets must be taken into con- 
sideration and proper provision for them mnst be made, for 
otherwise their location relative to the steel work and the 
position of the machines might be undesirable. It is im- 
possible to state an; hard and fast rnles covering all cases, for 
local conditions generally determine the ways and means for 
solution. Mr. C. E Bkinner recommends that the following 
points be looked into before a definite arrangement is decided 
upon :" 

1. Voltage of the transmission circuit. 

2. The climate in which the plant is to be operated. 

3. The size and insulation of the high-tension conductor. 

4. The kind and height of building used. 

5. The conditions of approach to the building and the loca- 
tion of the apparatus in the building to which the high-tension 
line is connected. 

After these points have been investigated, the following re- 
quirements must be met by a proper form of inlet. 

1. It mnst maintain proper insulation of the circuit under 
normal as well as abnormal atmospheric and electric influences 
in and outside the conductors. 

2. Snow, rain, cold air and dust must be prevented from 
entering, since they weaken the insulation at the point of 
entrance, which may result in damaging the contents of the 
building. 

3. The end strains of the line must be taken up, and must 
not be transmitted to the inlets. Special line poles and 

* " Hethods of BrlnielDtr High-Tension Conductors into Balldings." C. E. 
Ptoc A, I. E. E., July 1. 1908. 
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supports witli insulators outside and inside tbe station 
take up this strain and serve to center the lines in the inlet 
opening. 

4. The coaatruction must be reliable, simple and cheap. 

Tbe simplest form of inlet 1b a hole in the wall of sufBcient 
diameter to allow enongb open space about the wire to prevent 



Fig, 222.— Wall Outlet "itli a Terra Cotto Pipe. 

any posaibility of an arc striking across to the walls or sur- 
rounding material. The opening is protected against snow, 
rain, etc., by a terra cotta pipe sloping outward or by sufficient 
extension of the roof above. Special steel or wooden hoods, or 
a gallerj built around the o|iening on the outside of the wall 
are also sometimes used. The line mnst be held in the center of 
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the hole or tube to keep it awav from the wall or side of the 
tube, which are considered as ground. The above arrangu- 
ment is applicable only for medium tensions up to 15,000 volts 
in dry and warm climates. For 15,000 rolts or less the terra 
cotta pipe is closed on the station aide by one or two glass disks 
with holes. (Bee Fig. 222.) In this case the pipe must be of a 



Fro. 228.— Wall Outlet with n SUb of iDSulaliou Material and 
Insiilutiug Tube. 

diameter which will allow a sufficient surface insulation uf the 
glass plate against leakage, which might otherwise produce 
grounding. The insulation at the inlet should be somewhat 
greater than that of the line itfielf. as otherwise any eleotrir 
disturbance might cnuHo nn art- at this point which could jirove 
dinastrons to the buildinj;. The main disadvantages of the 
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arrangement are, fragility of the glass plates, opportunity for 
accumulation of dust and moisture, reducing the surface in- 
sulation of the plates, accees for hirds and insects In the outer 
part of the pipe, and above all, the large diameter of the pipe 
which is necessary for higher voltages and unfavorable con- 
■ ditions. 

A method used for high voltages up to 60,000 volts is shown 
in Fig. 223. A long insulating glass or porcelain tube of small 
diameter and very heavy wall is placed over the wire and 
passed through a slab of insulation set in the wall of the build- 
ing, the whole being protected from driving rain by an 
extension of the roof or special hood. Both tube and slab 
should be of fireproof material. The chief difficulty is in secur- 



Fia. 224.— Wall BusUiiiga for 44,000 VotU of the Telluride Power Compattr. 

ing the proper insulating tubes. Glass and porcelain are elec- 
li'ically the best materials for the purpose, but on account of 
their lack of mechanical strength even the difference between 
out-of-door temjieratiire and that inside will weaken them. 
For this i-eason the <>nd strain must be taken up outside the 
building hv a suitable guide pole. Sometimes two or three 
glass plates are used and the tube is cemented through them. 
In other cases the glass tube is fitted into a wooden tube of 
paraffined wood and this Is set into wooden panels. This ar- 
rangement is sometimes used in iron construction. As a rule, 
however, it is not advisable to make use of combustible material 
near the line. 

If the building is too low and the line wires must be carried 
at a considerable elevation in the immediate neighborhood of 
the building, or the multigap lightning arresters i'ei]uire a high 
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space for setting op, a tower conatruction may be necessary for 
the entrancp of tho line. Otherwise the inlet in the same as 



Pio. 3S5.— Wall Buthingn of tbo Tellurlde Pow«i Compnoj. 






Fia. S28.— Wall Inaulaton for ll.OOO VolU(R. Thomaa Company). 




Ptn, 327.— Wall Insulators for 44.000 Volti CR- TlioinBa Company). 

tbroagh the Ride of the building. There are any number of 
different forme of inlets in use, as erery plant and manufactnr- 
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ijig (■(iiircin devise their own appliances so ds to suit local con- 
ilitions. 

Fig. 224 Bhows a wall bushing used by the Telluride Power 
rompany, of Provo, Utah, for 44,000-volt lines. It consists of a 
set of concentric fiber conduit t\sbe», the spaces between which 
are filled with ozokerite while the ends are sealed for short con- 
secutive spaces with chatterton compound, minerallac, and a 




FiOB 328-330— Will [ lii3i:1iitor« ut 11. Tliom&sCoiupuiiy for DIflerent Voltages. 

very brittle asphaltam coinponnd, to prevent the ozokerite from 
oozing out. The outer end is covered with a porcelain sleeve, 
and the whole is fitted into a sewer pipe in the wall. It is pro- 
tected against weathering by a steel hood. These hoods were 
found to be too expensive and cumbersome and in severe stonns 
they were torn away together with lines and parts of the build- 
ing. It therefore became desirable to obtain some other design 
of bashing of which one end might be directly exposed to the 
weather, thus doing away with the necessity of a hood pro- 
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teetiuii, iind tti»t Diigbt be adaptvU to tlie wallB and ub well as 
li) the roofs of the buildings, and might be of anch insulating 
HtreDgtIi that even a building of the cheapest sheet-irou con- 
HtriK'tion might be used without danger from break-down by 
puncture. And floall;, the coet of material and labor was to 
be less than for the devices previously used- The bushing in 
Fig. 225 was found to comply with all these requirements. It 
oonsistR of a porcelain petticoat and a glass insulator with a 
fiber conduit which together constitute the mantle. A second 
fiber conduit cylinder Is placed inside the mantle. The spaces 




FiQ. 281.— Wall iDBulatoi Fra. S3S.— Location of Fio. 28S.— Locatioa of 
(Locke Manufacturing Wall InsuUton. Wall Insulatora, 

Company). 

are filled out with ozokerite and in the center U laid the bare 
No. 4 B. and B. copper wire. 

Fig. 226 shows a wall insulator for 11,000 volts mannfac* 
tured by R. Thomas & Sons Co. It is made of a porcelain bush- 
ing cemented into a soapstone plate which is fitted into the 
opening in the wall. 

Fig. 227 shows a 44,000-volt insulator of the same make. A 
long porcelain tube is cemented into a shorter porcelain bu8b> 
ing which sits in a tray-shaped plate fitted into the wall open- 
ing. The surface insulation of the bashings must be large 
enough to prevent leakapv. 

A number of other bushinps are shown in Pigs. 228, 229, 
and 2.^0. 
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The Locke Ineulator Manufacturing Compaay produces a 
bushiug consisting of concentric porcelain rings, cemented to- 
gether, the number of rings depending upon the voltage. The 
bushing and settings are shown in Figs. 231, 232, and 233. Id 
Fig. 232 the bushing is set into a marble, glass, slate or 



Pio. 884.— BecUon Tbrougb 60,000- Volt Roof latulatOT 

t.horoufi^ly varnished wood panel, whose diameter is twice that 
of the outside bushing diameter. In Fig. 233 a second in- 
sulator tube is fitted into the bushing. The plate in Fig. 232 
may be inclined outward so that the special hood can be 
omitted. 

It sometimes becomes necessary to bring the tranamission 
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line in through the roof, in which case extra precaatiooa most 
be taken in order to prevent the entrance of moistnre. A bush- 
ing made fbr this purpose ia ahown in Fig. 234. The outside 
line is carried on the roof by specially built supports. 

Where conditions admit it is always l>eat to bring the lines 
in on the gable end, as on the other ends ice and snow are apt 
to collect and damage the bushings. Drip points shonld be fas- 
tened on the line near the bushings, and extra guide polea 
should take up the end strain, so as to keep it away from the 
bushings or wall. The several feeder inlets should be placed 
far enough apart to secure adequate fire protection and easy 
orientation. 
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OSirrfiAI. STATIOHB 

In diBtribntion systeniB exceeding a certain size, the ase of a 
single d.c. central station is uneconomical. Tbe reasons for 
this were stated in Chapters X and XIII. With SDcb Byetems 
either one of two methods is followed. The system may either 
be dirided into independent districts, each with its own isolated 
d.c. plant, or the power generation ma; be concentrated in one 
large high-tension a.c. station and fed to substations where it 
is converted to low-tension alternating or direct cnrrent. Tbe 
choice is determined by local conditions, bnt in the majority 
of cases tbe latter method is adopted. 

The advantages of a high-tension a.c. central station regard- 
less of tbe kind of load may he summed op as follows: The 
units are of higher rating than those for d.c, so that a greater 
efficiency is obtainable. Maintenance expenses are lower and 
when repairs must be made these may be accomplished with 
greater safety and reliability and at smaller cost. A large 
saving in operating espeneea is also possible since a greater 
expenditure for labor saving appliances, sucb as for coal con- 
veying and cinder removing apparataa, may be allowed. The 
high tension of the system makes it possible to locate the 
station outside of town limits, so that a greater number of 
suitable and cheap building sites is available. If isolated d.c. 
stations are employed to feed a common system, they are sub- 
jected to great load variations and therefore operate at low 
eflSciency. By using a single a.c. station, on the other hand, 
the load variations can be more economically dealt with, and 
at the same time the cost of reserves is smaller and tbe mao- 
aging of the system is simpler and more efficient. The cost of 
the high and low-tension feeders with their substations is some- 
what higher than that for the low-tension feeders of the d.c. 
isolated stations. 

The location of an a.c. station is governed by the same con- 
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»]deratioUH thut were found to apply tu d.c. plants, with the 
exception that not bo mach attention is paid to the location 
with respect to the load center. The main points to be investi- 
jiated are an follows: 

1. Accessibility, (a) for delivery of coal and removal of 
cinders; (b) for delivery of heavy machinery; (c) for con- 
nections to mains; (d) for officials and workmen. 

2. Proximity of water for condensing and boiler feeding. 

3. Stability of foundations. If an artificial pile or concrete 
foundation must be made the initial cost is materially in- 
creased. 

4. Isolation to secure freedom from causing nuisance by 
noise, vibration, smoke, dirt, fuel, carting, etc. 

5. Facility of extension, which includes the possibility of 
purchasing adjacent ground for future extensions. 

With water power stations, which usually generate taigfa- 
tension e.m.f. for transmission, the choice of building site is 
determined by the topography which must be such as to give 
inlet and exit of water with minimum loss of head, the shortest 
feasible penstock and the greatest security from variation of 
head. It must also afford security from floods, possibility for 
extensions and easy access for overhead lines. 

In any large up-to-date installation, a great number of auto- 
matic appliances will be found. From boiler room to feeders, 
the control and handling of large outputs implies the ose of 
labor saving devices to cut down operating expenses whenever 
possible without impairing the efficiency of the service. In 
small or medium size stations, however, it is not always an easy 
matter to determine to what extent the installation of such 
appliances may be depended upon to give economical results. 
Their cost in such cases may be out of proportion to the total 
cost of the plant, so that the saving in operating expenses which 
they afford will not be actual gain. In very large plants the 
appliances of this sort will include circuit breakers and oil 
switches, potential regulators, boosters and batteries, motor- 
operated circulation pumps, feed water regulators, as well an 
coal conveyers and cinder removal appliances. Another class 
of devices serves to indicate tbe conditions existing in the sta- 
tion apparatus. Signal lamps, for instance, are used to show 
whether the oil switches are open or closed, which of the ex- 
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dters 18 in servk-e, or what set of busbara or feeders is in dr- 
cait. In the same way automatic tell-tales serve to attract the 
attention of the operator to the temperature of the trans- 
formerB or to the height of the water level in the boilers. When 
an overload switch openn, that fact is announced in the sttme 
way. Automatic steam engine cut-olTB and speed limiting de- 
vices are important protective appliances. When it is desired 
to start or stop an engine, generator, exciter, etc., conimunicH- 
tion between switchboard attendant and boiler engine room is 
facilitated by whistles, gongs, telephones, speaking tub^ and 
illuminated lettor signs. Bluice gates, engine and turbine gov- 
ernors, steam and water inlet valves an well as field rheostats 
and generator field switches, can be ojierated electrically from 
the switchboard. 

Id alternating-direct current systems, the 'cost of sub- 
stations and feeders is an item of considerable importance. 
Under the discussion of d.c. plants it was pointed out that an 
increase in the service voltage materially reduces the expense 
for the copper transmission lines. This applies to an even 
greater extent to a.c.-d.c. systems such as traction systems 
when the d,c. service voltage of the system supplied requires to 
be raised. A larger service voltage, therefore, with the same 
line drop will give a greater length of line, that is, if the line 
drop is fixed, any increase in the service voltage makes possible 
a corresponding increase in the distance between substations. 
If the load increases directly as the length of the line, then the 
distance between substations and consequently the length of 
the transmission line will vary directly as the increase in 
service voltage, the line drop having the same value in all 
cases. If, on the other hand, the line is extended and the load 
remains constant, then the distance between the substations 
will vary as the square of the voltage increases. In actual 
practice, however, the true value is the average of the two ex- 
tremes, that is, if the voltage is doubled the distance between 
substations is tripled, and with .3 times the voltage the dis- 
tance will be 5 times as great. It therefore becomes evident 
that if in traction systems a high d.c. voltage is used the num- 
ber of substations is reduced and a great saving in the cost 
of installation is afforded. 

In Chapter XIII there are enumerated a number of con- 
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Bideratiooa whieb apply to the design of switching arrange- 
nieate. Point 3 states tliat the choice of units is determined 
by the size and kind of service required of the machines. Under 
the heading of "kind of service" we have the following 
classification : 

1. Direct-current feeding for street or interurban railways. 
This ini[ilieH an u.c. <^«ntral station with substations. The 
service voltage may be either low (500 to 600 volts) or high 
<1()00 to 120<) volts), and the a.e. may be converted either by 
synchronous converters or motor generator sets. 

2, A I te ma ting-cur rent single-phase traction service with a.c, 
central station and substations. The high tension is trans- 
formed to a service voltage of from 2100 to 2300. Motor- 
generator sets are sometimes used to change the frequency, 
phase or voltage of the supplied current to suit the required 
conditions. 

'd. Alternating-current series lighting systems for arc and 
incandescent lamps, with central station and constant-current 
transformers. The primary voltage of the trauaformers is 
1100 to 2200, and that of the secondaries depends upon the 
number of lamps connected to Ibem in series. 

4. Power distribution at llO to 220 volts or 500 volts, alter- 
nating or direct current. Direct-current power distribution is 
analogous to case 1. The direct current may also be supplied 
through mercury rectifiers. Alternating-current distributiou 
ia analogous to case 2. 

5, Three-wire system, requiring central station and sub- 
stations. Motor-generator seta or synchronous converters are 
uaed for converting the a.c. into d.c. The service voltage is 
110-220. 

In any of the above cases transformer banks may be used in 
the central station to step-up for high tensions for long dis- 
tance transmission. Where direct current is delivered, the sub- 
stations are equipped sometimes with storage batteries which 
are kept as resene or to l>e used in service during a part of 
each day. (See Chapter V.) The converter and transformer 
stations may be located in the central station itself or in 
separate buildings or tliey may be portable. The transformers 
for a.c. service are often put on poles or the sides of buildings 
near the places of consumption. (See Thnpter XXVT.) 
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The matter of size of units for a giveu total station rating is 
decided by the kind of load and the coat of reserves. The fol- 
lowing data were obtained from a number of installations in 
actual service. 

SIZE OP UNITS FOR GIVEN SIZE OF STATION. 



Requinid Kw. 


Unit*. 


Rwemv. 


1,000 


Two 600 


One .500 


2,000 


Three 800 


One -■iOO 




Four 800 


One 800 


5,000 


/One 8001 
1 Three 1,600/ 


One 1,60() 


7,000 


Two 3,500 


One 3.500 


10,000 


Three 3,500 


One 3,500 



Still larger stations employ units of 5000, 8000, 10,000 up to - 
15,000 kw. The followiufr table showing the rating of some of 
the more well-known large stations will give a general idea of 
the development of modern plants. 



RATING OF WELL-KNOWN 


STATIONS 




Stiiiion 


Present Kw. 


Ultimate Kw. 


Chicago EdiBon Co. (Fisk Bt.) . . 

■• Overload Capacitv 
N. Y. Edison Co. (Waterilde No. 1) . . 

iDterborough Rapid Transit Co. (nOth St.) 
■■ (7411. Si.) 




93,000 
88.000 
I».fi00 
140.000 
SO.OOO 
17.000 
51,000 
30.000 
40,000 


100.000 
158.000 

93.500 
140.000 
120.000 

87.000 


N. V. C & H. R. R. (Port Morris) . . 
PenDsrlvuDJa R. R. (Long iBland) 




HO.OOO 
50,000 



In general, the central station building sbonld be of fireproof 
construction. It is nsually built of brick and steel. The fonn- 
dations are of concrete resting on solid snbsoil [or piling with 
concrete). The machine foundations sbonld be independent of 
the building foundations. A traveling crane which will safely 
carry tbe heaviest machine parts is essential. Ample space 
should be allowed for the macbines for easy and safe inspection 
and handling of parts while repairing. With vertical steam 
turbines sufficient space Itetweeo the outer casing and tbe gai- 
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lery or engiDe-room floor should be left, to allow both expaasion 
at high temperature and removal of the sections of The caMin^. 
In designing the building, future extensions should tie taken 
into account with respect to ultimate symmetrical arrange- 
ments of the machines and to continued running while building 
annexes or while installing new machines. 
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TTFICAL OENTBAL STATIONS 

rO.VKV ISLAND AND BBOOELYN BAILUOAD 

Ttiis Hyiftem vouti-olH tlit-ee iudependent d.c. central stations, 
(-onvenieDtly located with respect to the three main lines of 
traffic. The one is in De Kalb Avenue, the second in Smith 
titreet, and the third in King's Highway. The latter is used 
only during the summer when traffic to the pleasure resorts at 
Coney Island is heavy. The equipment of all three stations is 
largely composed of old machines, which are not equal to the 
inci-ease in traffic, and the company therefore decided to con- 
vert the d.c. installation into an alternating-direct current 
system. A change of this kind in a service like that between 
Xew York and Brooklyn can only be accomplished gradually. 
It was also planned to keep some of the oldest d.c. machines 
as reserve and to maintain two of the latest types in service. 
The following arrangement resulted from these considerations. 
An extension will be built to the largest of the three stations 
in Smith and 9th Streets, making an 11,000-volt a.c. central 
station with two 2000-kw. Curtis turbines. The extension is to 
contain a substation with two 1000-kw. converters, and the d.c. 
reserve and the 800-kw. d.c. machine which is to be kept in 
service will be kept in the old part of the power house. The 
other two d,c. central stations will be replaced by sub- 
stations. The boiler room and water and coal supply arrange- 
ments must evidently be adapted to the larger a.c. central 
station. The author's designs for the electrical part of the ex- 
tension which were adopted with slight changes are given here- 
with. 

The plan, cross section and outline of tlie engine room and 

gallery are shown in Figs. 235, 236, 237 and 238. From the two 

turbogenerators, the lead-covered, three-conductor cables are 

304 
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paBsed tbruugli tbe foundations in clay tiles to the middle 
column »iipportiug the gallery. They then lead up this column 
to the engine-room floor, where they divei^ and rua half way 
up the columna on opposite sidee. 

This arrangement has been somewhat changed, so that now 
there are three separate cables leading from a terminal box on 
the turbine to the basement. These then ran along the base- 
ment ceiling to the columns. 

The three phases are separated In an end bell, at which point 
they diverge, and after passing through tbe series trans- 
formers reach the terminals of the generator oil switches (type 
H3). Note that these switches are set up in the front part of 
the gallery. The gallery is not large enough to allow setting 
all the necessary oil switches in one row, and still keep suf- 
ficient space for operating. The series transformerfl are placed 
on the gallery ceiling. 

The second change that was made was to place the generator 
oil switches on a compartment at the same height as the other 
oil switches, and the series transformers were put into these 
compartments. 

The shunt transformers are in a cell back of the generator 
oil switch cell, and their fuses are mounted on a separate slate 
base, and may be used as disconnecting switches. There are no 
disconnecting switches on the generator side of the oil 
switches, for it is assumed that the oil switch will Ik accessible 
when open, i.e., when disconnected from the busbars, and when 
its corresponding turbine is not running. From the generator 
switches, the cables mn to the disconnecting switches through 
which they are connected to the busbars. The buses are 
enclosed in compartments back of the feeder oil switches. The 
walls are of brick and tbe covers of slate, and the openings for 
the cable connections are on the front side. Over the busbars 
there are mounted the cells containing the shunt transformers 
for the feeder instruments with the necessary fuses. Their 
cells are similar to those for the generator shunt transformers. 
The feeder and converter oil switches are set up in a roir with 
the door side towards the rear wall. 

The plan of the gallery shows that the rows of oil switch 
cellH and the corresponding disconnecting switch compart- 
ments are broken at about the center. These breaks are neces- 
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Bary to afford room for operating the bns Bectionatiziog 
Bwitcbes, wbicb are inserted for the purpose of dividing the 
entire eqaipmeot into two distinct parts. On each side of the 
section switches there are connected to the bases one generator, 



V-J-V \^ \ ^y 

Plan ft'f Englna and 8o»«in4nt . 

Fte. 385. — PImi View of Englae Floor Bod Basemeot of the Coney Island and 
BrookljD R. R. Co. Power House Extension. 

one synchronous converter and two feeders. The two sub- 
stations are connected to both sides of the buses each by two 
sets of feeders, and a reserve switch is provided on the side 
towards the old building. The feeder oil switches are provided 
with disconnecting switches on both aides. Those on the has- 
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Section K-L. 
DvtaiU 



Station e-«. 

Pw. 338.— Handliulet and Duels t«r tlie Qenenilor Cables, 
Coney IbIuuU ttn<l Brooklyn R. R. Co. 
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bar side are mounted in a row of cuiupuitineiits Taciug the fruut 
of the gallery, and those on the feeder side are uu the teriuiaatu 
of the oil switches io separate compartments under the oil 
sn-itch cells, >'ote that all discoonecting switches are located 
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1. 337«.— rUu autl Construction of Switchboard Gallery. Couey Iskud and 

]Jr.«klyn ». U Co. 



on the same gallery together with their oil switches. This has 
the advantage that the attendant may easily assure himself 
that the oil switch which he is iiispei-liiig or repairing is dead 
and that it remains so while hiindliug it. Tiie feeders are nni 
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Fio 287&.-~Cros!t Section Tbroui^li Electric Oatlerlea of Couer iBland and 
BrooklfD R. R. Co. Power Hoiue £ 
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out of the atatioD undergrouud in tile ducts as lead-covered, 
three-condnctor cables. The converter oil switches as men- 
tioaed above, are located in the same row as those for the 
feeders, but are furnished with only one set of discoDnecting 
switches and these od the busbar side. They are omitted on 
the transformer side for the same reasou that tbej* are left oat 
on the generator side of generator oil switches, namely, that 
the oil switch is inspected when it is open and disconnected 
from the busbars, and when the converter is not running. On 
the engine-room floor under the gallery there are set up two 
sets of three single-phase 375-kw. air-cooled transformers. The 
transformation ratio of these Y-connected transformers is 
11,000 to 4.10 volts. The twelve low-tension cables mn along 




Fio. 389. — CoDcrete FoundatloD with Diitta Installed for a CoiiTerter. 

the basement ceiling in two rows to their starting panels, 
whence six cables lead through the foundations of the con- 
verters to the brushes of the collector rings. Fig. 239 is a de- 
tail drawing of the foundations of one of the converters, show- 
ing the relative positions of the ducts and openings for the 
cables and busbars. 

A wall shuts off the rear part of the basement and the air 
circulation for the air-cooled transformer^ in the resulting 
chamber is produced by two blower sets placed on the engine- 
room floor. The blower on the right side towards Ninth Street 
is joined to the chamber by a sheet metal air passage. The 
other, which is located directly over the chamber on the left 
side, will have to be removed in ease of any further extension. 
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Tbe trauBformei'S are set up over the cbamber oq air-tiglit 
frame supports of channels and I beams. Id order that the 
traDstormers may be removed, two traveling differential pul- 
leys running on tracks fastened overhead to the gallery beams 
are provided. If a transformer is to be moved, therefore, it is 
first raised by the pnliey directly over the trausformer row 
and a small carriage is run nuderneatb, while the opeuiug in 
the air chamber is closed. The carriage is then run under the 
second hoist, which carries the transformer between the back 
of the switchboard and the row of transformers to the left wall, 
< where it ran be handled by the main crane. 

The plan and elevation of the gallery show the construction 
of the separating barriers between the different phases and the 
series transformers on the gallery floor. All of the concrete 
work is reinforced. The floor is 7 in. thick on account of the 
conduits for the secondaries of the instrument transformers 
which are built into it. The switchboard is made up of two 
generator panels, two feeder panels, controlling two feeders 
each, one synchronous converter panel equipped with the con- 
trolling apparatus and instruments for the two present con- 
verters, and having space for the third machine eventually to 
be installed. Beside this it carries the starting switches for 
converter No. 2, In front of which it is located. Following these 
come the two exciter panels and three panels for the d.c. side 
of the converter. In front of converter No. 1 a starting panel 
is set up which is in line with the main board. The space 
between this panel and the main switchboard is reserved for the 
five 16-in. d.c. feeder panels ultimately to be transferred from 
the other side of the building. The main board is held on pipe 
supports running up to a channel on the gallery, and rests on 
a wooden strip one inch above the floor. The positive cables 
are led from the converters along the basement ceiling to the 
d.c. board. The negative bases are laid in the foundations, in 
openings 8 in. by 8 in. The generator neutrals are led from 
the turbines to the resistance in the basement floor in the same 
set of ducts as the generator cables. The resistance for the 
neutral is grounded. Manholes and ducts are made water-tight 
and are provided with sewer connections for drainage since 
they lie below the level of the extreme high-water mark of the 
adjacent Oandemus Channel. These plans were laid out be- 
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fore desiguJQg any of tbe structural work, so that the latter 
might be fitted to the former. 

WATERSIDE STATION NO, 2 OP THE NEW YORK EDISON COMPANY 

The New York Bdisoii Company delivers direct-current dis- 
tribution to motors and lamps mainly to the Borough of Man- 
hattan of New York. A higb-tension alternating current is 
generated in two central stations whose busbars are inter-eon- 

WATCfiSIDE-STATlON NO i 



^dU 




WATERSIDC STATKDNN9 2 



EdiaoD Company. 

nected and the direct current is distributed from twenty-three 
substations. 

Fig. 240 is a diagram of the high-tenaion connections 
between the two power honsea. The main auxiliary buses are 
connected together by two aets of cables each. Note th&t each 
of the connections contains two non-automatic H3 oil switches 
in series in each of the stations. The reason for making this 
connection, as well as others to be described later, specially 
aecnre is dne to the fact that as the company sappllea the most 
densely populated portion of the city, it is imperative to main- 
tain the serrice absolutely without interruption under all cir- 
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cumstances. In tbe figure tbere are showQ the »ub-dimioDS 
of the buses of the two statioDS. Tbe busbars of the new 
Watei-side station have four sub-dimions which give greater 
flexibility of tbe generator-feeder group units. 

Since it has become possible to concentrate the output of a 
number of stations, a great reduction in initial cost and operat- 
ing and maintenance expenses has resulted. On the other 
band, however, this has increased the rixk of interruption of 
the service, since it the one station is disabled the whole sys 
tern is crippled. To reduce this danger as far as possible the 
different parts of large stations are divided into groups of 
units which can be worked together or independently as de- 
sired. By sub-divisions in the boiler room, by independent in- 
stallation of the turbo-generatorfl with their accessories, by 
separate laying of cables and sub-divisions in busbars, a group 
composed of the above parts can be run as an independent unit. 

This is the method adopted in the Waterside station No. 2. 
At present tbe station equipment consists of two Westing- 
house-Paraons steam turbines on whose shafts are mounted two 
generators of 7500 kw., 6600 volts, 25 cycles, and 7500 kw., 
7500 volts, 60 cycles respectively. Only one of tbe generators 
is run at any one time. Besides this tbere are six Curtis 
turbines with generators of 8000 kw., 6600 volts, 25 cycles. 
Two additional Curtis turbines with 14,000-kw., 25-cycle gen- 
erators are to be installed in the near future. Four exciters 
of 150 kw., 280 volts each, driven by a 220-hp., 6600-volt. three- 
phase 25-cycle induction motor, supply the excitation. Two 
storage batteries are used as a reserve for the exciters. Sixty- 
four high-tension feeders at 25 cycles and eight at 60 cycles are 
supplied by the station. 

Figs. 241, 242 and 243 show tbe connections of a generator 
and feeder and a cross section through the galleries. The cross 
section is taken at the feeders, so that Figs. 241 and 242 will 
be described first. It waa mentioned above that each busbar 
set is divided into four parts. (This applies to the 25-cycle 
buses. The 60-cycle buses have an independent sub-division.) 

From corresponding divisions of the buses cables are led to 
two automatic H3 oil switches. They are connected to the 
buses b^ means of disconnecting switches. (Fig. 242.) The 
buses and disconnecting switches are located in compartments 
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OD the first mezzanine. (Fig. 243.) Ttie selector switches men- 
tioDed above are on the aecood mezzaoiae and are interlocked 
to prevent closing both oF them at the same time. The main 
feeders which are connected to either set of buses through the 
selector switches diverge on the fourth mezzanine into two oat- 
going feeders connected to separate automatic H3 oil switches 
and to the two end bells to which the three-conductor cables 
are joined. On the third mezzanine are the shunt transformers, 
mounted in compartments with tbeir disconnecting switches. 
The tbree-conductor cables are laid in the diviBion and main 
walls and are led out of the station underground in tile 
ducts. 

Fig. 243, 1st mezzanine. The busbar compartments are 
separated from each other and from the walls by corridors, the 
inner one of which is used for operating the disconnecting 
switches and the other one for inspecting the busbars and in- 
sulators, which are accessible through small doors in the back 
of the compartment. The disconnecting switches are double- 
break switches, first disconnecting the cables and then the bus- 
bars. Tie oil switches are inserted between the divisions of the 
busbar sets. (See Pig. 240.) These are set up in line witb the 
busbars in separate divisions, so that the whole mezzanine is 
divided into a series of chambers containing alternately sec- 
tions of the busbars and the bus-tie oil switches. The chambers 
are connected with doors. The tie oil switches are connected 
to the buses through disconnecting switches as indicated by 
the bottom switch in the first mezzanine. 

On the second mezzanine the selector switches are mounted 
back to back. The outer corridor is for inspection of the oil 
switches, and the main feeders are led up in the space between 
them. The series transformers are also placed on this mez- 
zanine, being built into the feeders as shown. 

On the third mezzanine there are set up the shunt transform- 
ers with their disconnecting switches. The two outer corridors 
are moved over towards the middle of the gallery to make room 
for the end bells and tliree-condnctor cables and the series 
transformers. The secondaries of the shunt transformers are 
laid in tiles imbedded in the concrete floor. 

The fourth floor is similar to the first, with the addition of 
a false fioor for the outgoing feederji. All control and instm- 
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meat vivex are led up through the wall to a frauie support od 
the sixth mezzanine, whence they run to the switchboards. 

Pigs. 241 and 243. The generator cables are led in through 
the Qoor in conduits up to the division wall, whence the.v pass 
up the wall to the electrically operated non-automatio oil 
switches In the fourth floor. From here they are led back to 
the second floor in the same way as the main feeders, to the 
Don-automatic type H3 selector switches which join them to 
their respective buses. These switches are interlocked so that 
only one can be closed at a time. The connections between 
selector switches and busbars are made throngh double-break 
-disconnecting switches. The generator shunt transformers ai-c 
set up in line with those for the feeders, and the series trauR- 
formers are mounted on the division wall. On the fourth mea- 
zanine there are also lorated the station-tie oil switches, which 
tie feeders are led along the division wall to the ducts in the- 
basement floor. The exciters, the field rheostats with their 
motors, the d.c. switchboard and the exciter buses are located 
on the main floor of the high-tension division. The annex is 
really nothing more than a part of the main power house shut 
off by a division parallel to the north side of the building. It 
is completely separated from the engine room and is a complete 
fireproof building in itself. The main operating room with 
the main switchboards is situated on the third mezzanine on 
the west side of the building, on a balcony facing the engine 
room. The generator and feeder panels are grouped in two 
independent switchboards. (See Fig. 244.) On the engine 
room side facing the inner part of the balcony are set up the 
control benches and instrument boards for the generator, and 
station-tie and bus-tie oU switches. The bench board is arc- 
shaped. (Figs. 245, 246 and 247.) Opposite to this board 
there is set up a double semicircular row of panels for the 
feeder control. (Fig. 248.) This makes a very compact ar- 
rangement and the entire large system is very economically and 
safely controlled from a comparatively small space and with a 
small number of attendants. The instrument boards over the 
benches are set up so as not to obstruct the view over the sta- 
tion. Ample light is obtained through the engine-room sky- 
light and the windows on the west side. 
Figs. 241 and 245 show the connections and location of all 
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the control apparatus aoJ inBtiiinient» for a 25-i-.vcle generator. 
Every generator has its own bench and instrument board made 
of blue Vermont marble, the general dimensioDa of which are 
given OD the drawings. 

All the equipments specified below are taken from the 
specification book by permission of the New York Edison 
Company. 

The equipment for each generator is as follows : 

1-500 AVeston ammeter and shunt. 

2 Horizontal edgewise ammeters, 2000-anip. scale. 

1 Horizontal edgewise voltmeter, 8000-volt scale and 150- 
volt winding. 

1 Horizontal edgewise three-phase wattmeter, 22,000 kw. 
scale. 

1 Horizontal edgewise power-factor indicator, 110 volts, 
00-100-60 per cent. 

1 Balanced three-phase induction watt-bour meter, rec- 
tangular pattern.' 

2 Lamp sockets for mounting on front of panel. One for 
overload lamp and one for synchronizing lamp. 

3 S. P. D. T. control switches, one for main generator " H " 
oil switch, and two for generator selector " H " switches. 

6 Bull's eye indicating lami>B and sockets three green and 
three red bulTs eyes. 

1 Four-point synchronizing receptacle. 

2 Engine-governor controlling switches, one for the turbine 
governor, and one for the electrically operated field rheostat 
dial. 

.5 Bull's eye indicating lamp receptacles and Vt plain bnll'H 
eyes, 

3 I). P. K. T. 25-anip., 125-volt lever switches, one for syn- 
chronizing lamps, one for d.c, feed to generator '■ H " and one 
for d.c. feed to selector " H's." 

5 D. P. I). T, 2.>am])., 12.^-voIt lever switches, four for short- 
circuiting siH'ondaries of four generator Beries transformers, 
and one for d.c. supply. 

1 D. P. overload instaufancous relay for lighting an overload 
lamp. 

The relay has one standard i-oil and the other wound for 
1.73 times the standard. 
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1 T. P. 8. T. 25-atnp., 125-volt lever switch for opening 
potential leads to the watt-bour meter. 

4 2000-amp. series tranaformera, ratio 400 : 1. 

3 T. P. S.' T. 1200-amp., 6600-volt, form H3 oil Bwitches with 
8 in. pots and 220-volt motors. 

2 6600 to 110-volt, 200-watt shunt transformers. 

2 S. P. S. T. 500-amp., electrically operated field switches 
with discbarge clips and reeiBtance. 

1 D. P. D. T. control switch for controlling electrically 
operated field switches. 

5 8. P. S. T. signal switches. 
20 Pairs of fuse clips. 

18 Name plates. 

5 6600-volt discoanei-tiDg switches and fusee for shunt trans- 
formers. 

6 8. P. S. T. disconnecting switches for 1200 amp., 6600 volts. 
Station inBtruments for the synchroscope are placed on a 

swinging panel in the center of the bench board {see Fig. 217), 
whose equipment is as follows : 

2 Synchronism indicators, 13 in. diameter. 
1 350-voIt horizontal edgewise voltmeter. 

1 D. P. D. T. 25-amp., 250-volt lever switch. 

Figs. 246 and 247 also show the equipment for the station tie 
control. Only that part located in Waterside 8tation No. 2 
is shown. It consists of the following : 

8. T. P. S. T. 1200-amp., 6600-volt, form H3 oil switches with 
8-in pots, 220-volt motors, 

8 8. P. D. T. controlling switches. 

16 Indicating lamps and sockets. 

S Pairs of red and green bnlTs eyes. 

12 Series transformers, 1500 amp., ratio 300 ; 1. 

4 D. P. overload time-limit relays, diaphragm type, with one 
special coil to take 1.73 times the normal current. 

8 Horizontal edgewise ammeters, 10-1500 amp. 
4 Wattmeters, balanced 3-phaBe scale 18,000-0-18,000 kw. 
12 660-volt disconnecting switches and fuses for shnnt trans- 
formers. 
8 6600 110-volt, 200-watt shunt transformers. 
4 Four-point synchronizing receptacles. 

2 Fonr-point synchronizing plugs. 
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16 D. P. D. T. 25-amp., 250-volt lever switches. 
S Lamp sockets. 

16 D. P. 8. T. 25-amp., 250-TOlt lever switches. 
12 1200-ainp., 6600-volt disconnectiDg switches, with locking 
devices. 
4 Horizontal edgewise voltmeters, 6000 to 7500 volts. 

3 6€00-volt disconnecting switches and separate fuses for bus 
shunt transformers. 

8 Lamp sockets for overload and synchronizing lamps. 

84 Name plates. 

Figs. 212 and 248 show the control apparatus and instm- 
ments for a feeder board consisting of two panels placed back 
to back. Each board controls fonr outgoing feeders, the 
eqoipment tabolated below is for one feeder. 

1 Vertical edgewise 60-100-60 per cent, power-factor indi- 
cators, 110 volts, 5 amp. 

1 Vertical edgewise balanced three-phase wattmeters, scale 
0-3500 kw. 

1 Pocket type a.c. ammeter, 300-amp. scale, 6-amp. winding. 

1 Pocket type ammeter, 300-amp. scale, 10-amp. winding. 

4 Series transformers, 300 amp., ratio 60: 1. 

2 200-watt shunt transformers, 6600 to 110 volts. 

4 Fuses for above transformers with 6600-volt disconnecting 
switches. 

1 D. P. time-limit overload relays, diaphragm type, mounted 
edgewise to board. One special coil to take 1.73 times normal 
current. 

2 D. P. 8. T. 25-amp., 250-voIt lever switchea 
4 D. P. D. T. 2.')-amp.. 250-volt lever switches. 

1 Balanced 3-phase induction watt-honr meter, rectangular 
pattern, for mounting on the rear panels. 

3 Indicating lamps and sockets. 

1 White, 1 green and 1 red bull's eye. 
1 T. P. 8. T. 25-amp., 2yO-volt lever switch. 
1 S. P. D. T. controlling switch. 

1 T. P. 8. T. 300amp., 6600-volt, 8-in. pot form H3 oil switch 
and 220-volt motor. 
Equipment for selector section : 
8 Indicating lamps and sockets. 

4 Pairs red and green bull's eyes. 
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2 T. P. S. T. 23-anip., 250-volt lever switches. 

4 S. P. D. T. controlling ewitclies. 

2 D. P. 8. T. 25-amp., 250-volt lever switches. 

7 D. P. D. T. 25-amp., 250-volt lever switches. 

2 Pocket type amnieterB, dOQ-amp, scale, and 6-amp. winding. 

2 Pocket type ammeters, 600-amp. scale, and 10-amp. wind- 
ing. 

6 Series transformers, 600-amp. rating, ratio 120: 1. 

2 D. P. overload time-limit relays, diaphragm type, mounted 
flat on panel. One special coil to take 1.73 times normal 
current. ' 

4 T. P. S. T. 500-amp., 6000-Tolt form H3 oil switches with 
8-in. pot and 220-volt motors. 

12 6600-volt, 800-amp. 8. P. S. T. disconnecting switches with 
locking devices. 

The equipment for 2000-amp. bus-section tie consists of : 

6 T. P. S. T., 2000-amp., 6600-volt, form H-3 oil switches with 
8-in. pots and 220-volt motors. 

6 8. P. D. T. controlling switches. 

24 Indicating lamps and sockets. 

12 Plain bull's eyes. 

6 Pairs red and green bull's eyes. 

8 6600 110-volt, 200-watt shunt transformers. 
■ 3 D. P. D. T. 25-amp., 250-volt lever switches. 

36 6600-voU, 2000-amp. S. P. 8. T. disconnecting switches 
with locking devices. 

8 Horizontal edgewise frequency indicators for 25 cycles. 

16 Fuses and 6600-volt disconnecting switches for shunt 
transformers. 

8 Horizontal edgewise voltmeters, scale 5000-7500, 

6 D. P. S. T. 25-amp., 250-volt lever switches. 

10 Name plates. 

The generator and feeder for 60 cycles are similar to those 
described above for 25 cycles with corresponding changes in the 
ratings of the instruments. 

Besides carrying the equipment for the generator and bus 
and station ties, the bench boards are provided with signal 
apparatus for use as a means of transmitting signals between 
operators on the high and low-tension switthboards and the 
engineer stationed at the turbine throttle. Provision is made 
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for three sets of signals. One is for regulating the turbine 
governor and ia transmitted through illuminated signs located 
OD the west wall of the engine room, and is used in conjunction 
with the signal whistle located on the south division wall. The 
other signals relate to the starting or stopping of the turbines 
and are transmitted to the engineer direct through the signal 
stand located near the turbine throttle. The third aignal is a 
call whistle from the d.c. control board on the first floor 
electrical gallery. The signal equipment for regulating the 
governor consists of the following apparatus: 

20 6. P. S. T. signal switches located on the front of tbo 
generator pedestals (two for each pedestal), for operating 
whistle relaj' and flashing turbine number. 

10 S. P. D. T. knife switches located on top of pedestal, 
under synchroscope pane!. 

With these switches there ma; be flashed individually the 
turbine number and the red or green engine signal of the 
illuminating sign. 

1 D. P. D. T. 25-amp. knife switch together with special cop- 
per strap connection and 24 sets of ferule type enclosed arc 
fuses and clips, forming the d.c. fuse panel on front of the 
pedestal under the synchroscope. 

1 Belay oil switch with lever for hand operation, located 00 
top of the center pedestal of the generator control board under 
the synchroscope panel. 

The magnet for this relay is wound with 1800 turns of Ko. 26 
double cotton covered magnet wire. 

1 "di-el-ite" resistance unit of 465 ohms 116 watts for ex- 
ternal resistance in the relay coil circuit. 

1 Magnet on 250-volt circuit, of sufBcient pull to operate a 
3.5-in. steam signal whistle. This magnet ia located near the 
whistle on the south division wall in the engine room. 

1 Illuminated sign for the turbine numbers and the engine 
signals located on the west wall of the engine room. 

This sign consists of a i^ubstantial sheet iron box with angle 
iron framework set flush with the engine-room wall and dis- 
playing the stenciled turbine numbers from 1 to 10 inclusive. 
Above each numeral is a separate ground glass signal panel to 
indicate red for "raise" and below a similar signal panel in- 
dicating green for " lower," as the case may be. Within the 
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sheet iron box are the lamps and circuits for illumiQating the 
turbine Dumbers and the colored Bigaals mentioDed. For con- 
aectiog up this device there are required the following cables: 

2 12-condnctor No. 14 wire lead covered cables approximately 
30 ft. long. There are ^ in. rubber over each wire, two tapes 
and ^ in. lead over all. 

1 19-condnctor No. 14 wire lead covered cable, approximately 
30 ft. long. There are A in. rubber over each wire, two tapes 
and A in. lead over all. 

1 Twin wire cable, lead covered, consisting of two No. II) 
wires, each wire having ^ in. rubber and ^ in. lead over 
both. 

With the above specified apparatus, the operator at any one 
oC the generator pedestals is able to blow the signal whistle and 
flash the turbine number. He is also able to blow the signal 
whistle from the center pedestal and flash either the red or 
green signal, together with any of its corresponding turbine 
numbers. 

The wiring diagram and apparatus used for signaling the 
engineers to start up or sbnt down the turbines is shown in 
Figs. 241 and 245. The complete list of apparatus required is 
as follows: 

30 8. F. S. T. signal switches, located on the front of the 
generator pedestals, three for each pedestal, together with 
three plain signal lamps and receptacles. The name plates are 
labeled respectively, " Start," " Stand by," " Load off." 

10 Special signal devices mounted on front of generator in- 
Btmment panels, one for each panel, and each consisting of a 
malleable iron box of dark marine finish. On a ground glass 
face are painted in 0.5 in. black letters the three signals: 
" Full Speed," " O.K.," " Shut Down." 

Each of these outfits contains six miniature frosted lamps 
and screw bases. 

8 Turbine signal devices on stands complete, each consisting 
of 1.25-)n. iron pipe stand and special cast iron front with 
oxidized bronze finish on which are mounted the following: 

1 Horizontal edgewise freqnency indicator. 

1 Engine signal device consisting of malleable iron box, 
oxidized bronze finish. On a ground glass face are painted in 
0.5 in, black letters the signals: " Stand by," " Start," " Load 
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Off." •* Full Speed." " O.K.," " Shut Down," illuminated by 13 
miniature froBted lamps oB screw bases. 

1 Gang of three signal knife switcties enclosed In a cast iron 
box, oxidized brcuze ftntsL. 

2 TurbJoe signal devices, similar to the abore except that 
they are mounted oq the west wall of engine room and each 
have in addition to the aboTe, a frequency indicator for the 60- 
t-ycle generator. 

For connecting up this apparatus the following cables are 
required: 

10 19-conductor No. 14 wire control cables, one for each 
turbine signal. 

This apparatus enables the operator at the high-tension gen- 
erator control pedestal to flash the following signals to tbe 
engineer standing at tbe turbine throttle, " Start," " Stand 
by," " Load off," aud to receive in turn signals from the 
engineer as follows: " Full Speed," " O.K.," " Shut Down." 

Tbe following cables are required for the geoerator control 
for each unit. 

2 T-conduL-tor No. 14 wire cables, for the control of tbe H 
oil switches on the second and fourth mezzanine floor. 

1 19-conductor cable of eight No. 10 wires and eleven No. 14 
wires for connecting the shunt and series transformers with 
the controlling board. 

1 19-conductor cable, No. 14 wire, betweep the generator and 
control board for the engine signal and governor control device. 

1 12-conductor cable No. 14 wire for controlling the elec- 
trically operated field rheostats located on the first floor of the 
electrical gallery. 

Tbe generator cables comprise per unit : 

3 1 .500,000-rir. mil. cables, cotton covered from tbe terminal 
board on the generator to the end bell at the base of the gen- 
erator foundation, lead covered from tbe end bell in the wall of 
the third mexzauine of electrical gallery; cotton covered from 
this poiut to tlie bus disconnecting switches. 

2 400,000-cir. mil. cables for tbe field circuit. 

1 No. 6 duplex cable for the field ammeter circuit. 
The control cables for each feeder group consist of: 

4 7-conductor No. 14 wire cables for the control of the H 
oil switches. 
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2 19-cODductoi- (11 No. 14 and 8 Xo. W wires) cubles for cod- 
aectlDg the eeries and ahuiit transformers with the hifch- 
tension feeder control boards. 

Id addition for tlie high-tengion control of motor-generators 
and exciters, there are furnished: 

1 7-conductor No. 14 wire control cable for mter-connecting 
instruments and signal lamps on exciter board with the high- 
tension feeder control panel. 

The feeder cables comprise: 

3 500,000-cir. mil. cables extending from the bus disconnect- 
ing switches to the 300-amp. H oil switches on the fourth mez- 
zanine. 

6 250,000-cir. mil. cables extending from the H oil switches 
on the fourth mezzanine to the high-tension triplex feeder end 
bell on the third mezzanine. 

The control cables for the station tie control comprise: 

2 7-conductor No. 14 wire cables for controlling the E oil 
switches. 

1 7'condnctor No. 14 wire cable tor connecting the bus shunt 
transformers and the bus instrument panel. 

1 19-condnctor No, 14 wire cable for connecting the 
shunt and series transformers with the station tie control 
panel. 

The station tie cables comprise: 

3 1,000,000-cir. mil. cables extending from the buses up to the 
point where they end at the high-tension end bell, on the third 
mezzanine door. 

There are furnished for each pair of bus tie oil switches: 

1 12-conductor No. 14 wire control cable for controlling each 
pair of 2000-amp. bus-tie oil switches. 

The specifications for all of the above mentioned cables are 
as follows : 

1,500,000-cir. mil. cable, H in. varnished cambric insula- 
tion, i in. lead with 2 per cent. tin. 

l,5OO,O0O-cir. mil. cable, 37 to 19 wires J{ in. varnished 
cambric insulation, one cotton braid, waxed. 

1,000,000-cir. mil. cable J^ in. varnished cambric, one cot- 
ton braid, waxed. 

500,000-cir. mil. cable of 127 wires ^ in. varnished 
cambric, one cotton braid waxed. 
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400,000-(iir. mil. cable, j^ in. varQiahfd cambric, lead cov- 
ered field cables. 

250,00ft-cii*. mil. cable, H '«■ varnialiert cambric, one cotton 
braid waxed. 

No. 00 rheostat wire, 415-No. 25 B. and S. gage wires, ^ in. 
varninhed cambric, one cotton braid painted, and one asbestos 
braid painted. 

No. 6 dnplex cable for field ammeter circuit, ^ in. rubber, 
tV in- lead. 
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Fro. SMB.— Dia<;ruiti of High-Tension Wiring, Long lelaod City Power Sta> 
tion. < WesUnghouBe, Church, Kerr & Co.) 

I/>NG ISLAND CITY POWER STATION. 

The western lines of the Long Island E. H. (N. Y.) were the 
first of this system which were electrified. The tunnel under 
the East River connecting the Long Island lines with the 
new depot of the Pennsylvania Railroad being at that time in 
course of erection. The power station and its chain of 
substations therefore were at first erected and installed 
to suit the demands of the electrified western road, never- 
theless means were provided for increasing the power 
capacity. 

The present power station contains a machine capacity of 
about one-fifth of the oltimate installation. There are in- 
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stalled three Bteain-turbines of tlie WeBtinghouse-Parson type, 
driviag 5500-kw. Il,0fl0-Tolt alternating current generators. 
The armature windings are star connected and the neutrals of 
all the machines are grounded through a common resistance. 
Pig. 248 shows the wiring diagram of the high-tension cables, 
indicated in simple lines. The full lines represent the present 
installation, and the doted ones the future lay-out The high- 
tension cables are run through ducts in the foundation up to 
the diriaion wall between the engine room and the switching 
galleries. (See Fig. 250.) The.v are then run up this wall 



Fra 840.— Feeder Onllery Sbowlog Oil Swltcbea for Feeders and Geaeratora. 
(WeBUagbouse, Church, Ken & Co.) 

to a main oil switch set up od the basement or feeder gallery. 
The backs of the oil switch cells are extended op to the ceiling 
and are provided with barriers between the phases. Pig. 240 
shows the three main oil switches with tbeir extensions in the 
background on the right hand side. The shunt transformers 
for the generators are set up in special compartments near the 
division wall on the same floor. From the main oil switches 
the cables run along the basement ceiling to the selector 
switches installed on the first or bus gallery. 

Fig. 253 shows a plan of the engine room and bus gallery, 
showing two rows of cells. Each row at present consists of 
three groups of two oil switch cells each. The smaller are the 
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selector switches for the genenitor. Two opposite oil switches 
belong to the same machine. 



FiQ. StSO,-<<QnM Seclion of Efeetiic Gnlleries. Long lalaod City Poner 
SUtloa. (WcatiDgUouse. OburcU, Kerr & Co., N. Y.) 

A compartment coDtaintDg two seta of disconnecting switches 
is inserted in each group of oil switches. The cables lead from 
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the selector switches in compartments on the back of the cells 
to one set of the disconnecting switches, (See Pig, 2S1, longi- 
tudinal section between buses, and Fig. 252.) They then run 
across the space between the oil switch structure and the bus- 
bar compartment to the corresponding busbars. 

The generators are designed to run in parallel on either of 
two sets' of main busbars, called the working and auxiliary 
buses, only one set of which is generally in use. The three bus- 
bars of the working bus are disposed in the tbree-atory bus 



atrneture of brick and alberene Bfone along the north side of 
the gallery, the auxiliary bus being disposed in a similar struc- 
ture along the south side directly opposite the main bus, and 
towards the division wall. 

As shown in Fig. 248, there are installed at present three 
main oil switches in the basement and six selector switches on 
the bus gallery. 

Three groups of six feeders each are supplied from the bus- 
bars, each of the groups being <onnected to the two sets of 
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buses ilirough two group switches. At present onlj three 
feeders of each group are in use. The larger oil switcheii 
showD in Fig. 252 are the group switches, of which there are 
two for each feeder group. As noted above each disconnecting 
switch compartment contains two sets of switches. One con- 
nects the generator selector switches to the basbars, and the 
other joins tlie buses to the feeder group switches. The cables 
are led to the back of the gronp switches in similar compart- 
ments or barrier chambera. (See Pig. 251.) Corresponding 



Pio. 35S.— Bus Slructure and Selector Snitclies. (Westingliouse, Churdi, 
Kerr & Co.) 

pairs of group switches are connected under the floor by bus- 
bar sets. The latter are contained in brick compartments 
divided into elongated chambers hj a number of cross barriers. 
These compartments are supported on the basement ceiling, 
and run across the switching room. The six feeder switches 
for each feeder group are set op in two rows on either side of 
the auxiliary busbar compartments, three on each side, and 
running across the room parallel to the buses. From the 
small busbar sets cables are run down to the feeder Bwltches. 
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They then lead down the backs of these and down the wall 
which exteodB to the foundations, until they finally reach the 
end bellR of the three-conductor cables. The feeders are led out 
of tlio building underground in tile ducta Fig. 254 shows the 
connoctiona of the three-conductor cables to the phases. The 



Fio. 364.— Higli.TeDsion Feeder Cables Id Busciiiuut eutering 
Conduits. (WestinghouBe. Church, Kerr & Co.) 

brick barriers between the phases extend to a level with the 
tops of the cells, above which they are replaced by asbestos 
barriers. As each group of feeder switches is set up directly 
below the corresponding set of group switches, and since the 
generator main switches are on the same vertical plane with 
their selector switches, the generator main switches are placed 
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OD the front side of the corridor between the groups of feeder 
(iwitcheB. All oil switches thus become easily accessible. The 
switches employed are all type C Wpstiaghouse electrically 
operated three-pole switches with the exception of the main gen- 
erator switch which is four-pole. The fourth pole is for the 
neutral connection of the machine. All oil switchea are bailt 
for 600 amp, except the feeder group Bwitohes which are for 
1200 amp. The pole pairs are enclosed in separate brick 
chambers with doors on the front side, and closed in on the 
back by a wall, into which are built the bushings for the incom- 
ing and outgoing cables. All cables and connections, including 
those of the same phase, are separated from each other by brick, 
soapstone or asbestos barriers. Over the busbar compart- 
ments on the engine-room floor there ^re set up the cells for 
the necBsary shunt transformers and fuses. The busbars are 
composed of 3 in. by 0.25 in. copper bars supported in separate 
compartments on heavy insulators. There are a number of 
openings in the backs of the compartments so that the bus 
insulators and connections mar he inspected. The compart- 
moits for the small auxiliary' buses in the basement are 
similarly built with the openinf^ towards the outer wall. The 
main connections between buses and oil switches are made of 
strong copper bars mounted on porcelain insulators and en- 
closed in brick or asbestos compartments. 

The four main cables of each machine are 600,000 cir. mils, 
cross-section with ^ in. varnished cambric insulation, and 
those between the group switches and small buses are. 1,318,000 
cir. mils, sectional area. The feeder switches are connected 
with the three-conductor cables with 250,000-cir. mil. cables, 
and those between the feeder switches and the transformers 
which supply the induction motor of the motor exciter set are 
73,000 cir. mils. The neutral busbar which connects the 
neutrals of all the machines to the resistance is a 600,000-cir. 
mil. cable. All of these cables are covered with H in- 
varnished cambric lusnlation with double protective braiding. 
None of the station cables of either high or low-tension are 
lead covered. The three-conductor cables leading to the high- 
tension transmission line consist of three 250,000-cir. mil. 
conductors with A in. paper insulation. A further -jV in. 
insulatiOD encloses all three cables and the whole ii covered 
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with jute and A in. of lead. These cables leave the bnilding 
in daots laid in the foundations. All of the high-tensioD three- 
conductor (;ables are connected to brass end bells 7.73 in. in 
diameter and about 5 in. deep, soldered to the lead covering and 
filled with an insulating compound. 

Excitation for the generators is obtained from three differ- 
ent sources. These are : A set of two exciters each driven by ' 
its own steam turbine, a motor-generator eet and a storage 
battery. The two Weatinghouse-Parsons turbines for the ex- 
citers are direct connected to two 200-kw. d,c. generators 
which deliver 911) amp. at 220 volts. The motor-generator Bet 
{■ODsistB of an induction motor of 290 hp. driven by three-phase 
alternating current from the low-tension side of the trans- 
former bank at 440 volts. This bank is composed of three 175- 
kw. oil-cooled transformers, delta connected on the high and 
low-tension sides. Their high-tension side is connected to the 
higb-tensioii buspB by a feeder of the feeder group. The exciter 
transformers ai-e set np on the east side of the switching house 
basement. 

The generator of the motor-generator set is of the same rat- 
ing as the turbine driven machines, and is mounted on the 
abaft of the induction njptor. The turbo-exciters are set up 
in the engine room, and the motor-generator set on the operat- 
ing gallery. The storage battery is a very reliable reserve for 
the machine excitation and for the oil switch solenoids. It 
consists of 110 cells each containing 7 type B' chloride ac- 
cumulator plntes as delivered by the Electric Storage Battery 
Company. There is sufficient space in each cell for 11 plates. 
The discharge rate of the battery is 366 amp. per hour at a 
normal pressure of from 180 to 220 volts. It is charged by a 
15-hp. inducliou motor driving a 12.5-kw. booster. This ma- 
chinery is also set up in the operating gallery, and the battery 
is placed in a «ei)arate chamber in the engine-room basement. 

Pig. 25") shows the wiring of the exciter and battery. There 
are two sets of busbars on the d.c. side, installed under the 
operating room together with the equalizer buses. The bat- 
tery or either one of the exciters can be connected through 
double-throw switches to the main or auxiliary buses. The 
generator field windings are connected to the main buses by 
double-pole switches, and the busbar sets can be connected to- 
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gether with lever switclies, so tliut a geueracor field may also 
be excited iudii-ettly from tlie auxiliar.v buses. 

The entire switching system is controlled from Cue operating 
stand at the east end of the second gallery. Tbe present posi- 
tion of the operating room corre8pon(is to what will be the 
middle of the station when the contemplated addition on the 
east side is built. (See Fig. 253.) 



O © (S) Q ( 



Fio. 255.— Diagram of Low-TensioD Wiring. (Wt-siiiiglioiise, Cliurcli, Kerr 
& Co.) 

The gallery is about 13 feet over the main engine room and 
has a small overhanging observation balcony which gives a 
cowpit'hensive view over the entire station. 

The switchboard arrangement consists of (a) generator con- 
trol bench; (b) greater instrument board directly in front of 
the bench; (c) feeder control board; (d) exciter switchboard; 
(e) auxiliary switchboard for station lighting and other pur- 
poses. All of the |).inels are of marble and the panels and in- 
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Flo. 387.— Cross Section throD);li Ei'i.->r- Km! of Swiichbo«rd Qallei^. (Wert- 
iDghouse, Church, Kerr & Co.) 
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strumentfl litive a du)) black fluiuli. On the top of the generator 
bench are mounted all the necessary coDtroI switches and sig- 
Dal lumps fui' tlie {;euei-at:or oil switches, and also tbe control 
devices for the sectiouiiltziiig switches wbich will eventually be 
installed when the busbars are extended. Directly opposite 
the generator control panel is tbe corresponding instrument 
board to which tbe secondaries of the series and shunt trans- 
formers are connected. These leads are enclosed in fiber con- 
duits. On the left side of the instrnmeat panel is a board 
carrying three a.c. voltmeters, giving the e.m.f. in each leg of 
tbe busbars, and also a frequency indicator and two syuchrooiz- 
ing lamps, one for each bus. To the right of the instrnment 
boards there is a panel with one differential a.c. voltmeter, two 
synchroscopes, two synchronizing lamps and one a.c. ammeter 
indicating the current in the grounded nentral bus from the 
generators. 

Fig. 256 shows how the rheostats, motors and electrically 
operated field switches are set up. Operation is from the 
bench. This equipment is installed directly under the operat- 
ing room. (See Fig. 257.) The two last mentioned illustra- 
tions also show the mounting of the d.c. exciter busbars. Tbe 
feeder board consists of three panels, each one of wbicb con- 
trols two group switches and six feeder switches. At present 
only three of the latter are installed. The relays for the auto- 
matic oil switch control are on a separate panel on the first 
gallery near the field rheostats. An auxiliary panel which is 
set up in line with the feeder board controls the supply for the 
d.c. motors, for the station lighting and for the electrically 
operated oil switches. The exciter board also carries the neces- 
sary lever switches for the positive, negative and equalizer 
buses for the circuit breakers and instruments. A number of 
empty panels for future use are set up between the instrument • 
and exciter boards. The disposition of the fiber ducts con- 
taining the control and instrument wires and of the generator 
field rheostats is shown in Figs. 252 and 253. 

A complete signaling system is provided for communicatioo 
between operating and engine rooms. It consists of a set of 
letter signals set up in the engine room which are Illuminated 
by pressing push buttons in the operating room after the en- 
gineer's attention has been attracted by means of a signal 
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whistle. A set of return eignalB is set np Id the operating gal- 
lery, and is actuated from the engine room, the operator's at- 
tention being attracted b; a gong. Beady intercommunication 
is thus possible. A large synchroscope is placed over the sig- 
nals in the engine room. Opposite each turbine there is an 
opal globe inside of which is a red, a white and a green lamp, 
and on a bracket outside of the globe a plain incandescent 
lamp. The lamps in the globe are used to denote the position 
of the weight upon the governor control of the turbine. The 
red lamp signals speeding, the white lamp dead center and the 
green lamp slowing. These signals are pilot indications of 
the position of the governor control weight, which is controlled 
from the operating room. 

The other apparatus is used as follows: {Tba letters O.K., 
IN, OUT, S.B., and the numbers are illuminated on the 
board in engine room and in the operating room as stated 
above.) 

1. To Cut in a Generator. 

Operator. Engineer, 

(Thenumber of thegenerator) (If O.K.) from the corre- 
IN-whistle. spondiug generator. IN-gong. 

When the turbine is ready for load the engineer sounds the 
gong again. The operator connects the synchroscope and syn- 
chronizing lamp and when switched in parallel disconnects tbe 
synchroscope and synchronizing lamp, signaling O.K. 

2. To Cut out a Generator. 
Operator. Engineer. 

(Thenumber of thegenerator) (If O.K.) from the coire- 
OUT-whistle. sponding generator. ODT- 

gong. 

Operator connects the synchroscope and synchronizing lamp. 

When the generator is cut out the synehi-oscope commences 
to revolve and the synchronizing lamp to pulsate. 

Operator signals O.K.-whistle and disconnects the synchro- 
scope and lamp. 

Engineer signals O.K. -gong. 

All signals disconnected. 
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3. To Gnt in a Tarbiae. 
Engineer. Operator. 

Prom the tnrbine, IN-gong. From corresponding gener- 
OperatiOD then continues as ator, IN (if O.K.) 

in first case. 

4. To Cut oat a Tnrbine. 
Engineer. Operator. 

From the turbine, OUT-gong. From the corresponding gener- 
The operation then continues ator OUT (if O.K.) 

as in second case. 

5. To Change Over. 
First and second or third and fourth to be followed' in 
sequence, depending upon whether the change is made from the 
operating room or from the turbine room. In case of trouble 
of such a nature as to require one unit to be cut out before the 
' other is cut in, the operator or the en^neer will show both 
signals as (number of generator) — OUT (number of generator) 
— IX and the whistle gives a long blast or the gong is sounded 
several times rapidly to call attrition to the illuminated 
signs. 

6. To Cut in ao Exciter. 
Operator. Engineer. 

(Numberof the exciter) IN- Brings the exciter up to speed, 

whistle. when ready signals O.K.- 

Operator cuts In and signals gong; from No. 1 

O.K. turbine. 

Ail signals disconnected. 

7. To Cut out an Exciter. 
Oi)erator. Engineer. 

(Number of the exciter) OUT- O.K. -gong; from No. 1 

whistle. lurbine. 

When exciter is cut out o[»er- 
ator signals O.K. 
All signals disconnected. 
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S. Stand-By Signals for Bugineera. 
Operator. Engineer. 

8.B. — (Number of generator) S.B.-gong. 

whistle. Engineer signals O.E.-gong. 

When over 
Operator signals O.K. -whistle. 
All signals disconnected. 

0. Rtand-Bv Signals for Operators. 

Engineer. Operator. 

From turbine, S.B.-gong. Number of generator, S.B.- 

When over whistle. 

Engineer signals O.K.-gong. Operator signals O.K.-whistle. 

All signals disconnected. 

10. Wben whistle is given one long blast, or gong is sounded 
several times rapidly it is to convey the meaning that the opera- 
tion, whether a single or a double one, is to be performed as 
quickly as possible. 

In starting a turbine the fields are built up gradually to give 
full voltage after the machine has attained its full speed. The 
generatoi-s are then synchronized and the main generator 
switch is thrown in. This switch is so wired that it cannot be 
closed until the synchronizing plug has been inserted into its 
socket in the operating board. In cutting out a machine, the 
load is taken otf the generator by reducing the field excitation 
and then the main switch is opened. Afterward the field cir- 
cuits are cut out. With the field circuits out, a turbine will 
continue to revolve about 45 minutes before coming to a stand- 
still, but it will stop in about 10 minutes with the fields excited. 

The switchboard operator gets his orders to cut current oflf 
or throw current on the high-tension lines from the sub- 
station at Woodhaven Junction. (See Chapter XXVIII.) He 
does not, however, change the switches until he is assured that 
the person giving the order has authority to do so. 

60,000- VOLT STATION 

Pigs. ^58, 259 and 2fi0 (by courtesy of Mr. H. V. Hays) are 
the designs for a hydraulic power station to be located 
on a hillside. The generators are each rated at 7500 kw. 
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aud (3600 volts, which is stepped up for traDstiiissioQ jniv- 
poBes to 60,000 volts through twelve 5000-kw. transformers. 
The entire switching plant is in a separate building. In the 
engine room there are only the operating switchboards mounted 
on a gallery and the field rheostats for the generators. The 
generator cables lead through the Toundations and walls to the 



Pio. a'>8.— 60,000-Tolt Station : SectloD througb Switclilnj; House. 

oil switches on the lower floor of the switching house, whence 
they lead to the 6600-volt busbars which are installed in the 
same room over the oil switches, being connected to the latter 
through disconnecting switches. (See Figs. 259 and 260.) On 
the next floor are the single-phase transformers, set up in com- 
partments separated from each other. Each set of three trang- 
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formers is delta connected on the high and low-tension sides, 
the connection on the low-tensioD side being fed from the 6600- 
volt bnees. A pair of disconnecting switches is inserted on tho 
high-tension side of each trangformer so that the apparatoa 
can readily be disconnected, and the high-tension deltas are 
joined to reactance coils contained in separate oil vessels. 
Prom the coils the cables lead through oil switches and difl- 



Pin. 301 —iOO.OOO-Volt'Stalloii: Cross Section Tbroiigli Switch House, 
connecting switches to a set of transformer busbars. There is 
n set of buses for each bank, which can be connected throngh 
oil switches and disconnecting switches to the main buses or 
to the outgoing feeders through a similar set of switches. The 
lightning arresters, line disconnecting switches aud wall bush- 
ings for the line outlets are contained in two tower-like struc- 
tures on the uphill side of the building. The bigh-tension oil 
switches are type Q Westinghouse solenoid operated, and are 
set up in two rows. (See Fig, 260.) The end switches of the 
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first row aa well as the fourth switch from each eod are for 
coDDecting the transformer buses to the maia buses, and the 
second and third from each end connect the reactance coils tn 
tlie transformer bases. The central switch is tbe bus section- 
alizer. The first row therefore consists of nine oil switcheH 
each built up of three single-pole vessels. In the second row 
there are four oil switches, two in each tower, which connect 
the transmission lines to the transformer or main buses. Back 
of this row the instrument series transformers are set np. A 
traveling crane is provided to carry the large and beavj trans- 
formers up to the compartments. 

On the gallery in the engine room the required switchboard 
is mounted. It consists of a generator control bench with 
vertical instrument board back of the bench and mounted on 
supports which also form tbe gallery railing. It also includes 
the feeder and exciter boards located near the back wall. The 
motor-operated field rheostats and the electrically-opiated field 
switches are under the gallery. (See Fig. 269.) 

100,000-VOLT STATION 

Pigs. 261 and 262 (by courtesy of Mr. H. V. Hays), are the 
cross section and plan for a hydraulic plant to hare an ultimate 
rating of 50,000 kw. The leads of the 5000-kw., 6600-TOlt gen- 
erators are joined to two busbar sets through selector and dis- 
connecting switches. The former are type C Westinghouse, 
enclosed in cells in the same room with the bus compartments 
on the lower level of the switch bouse. The power house and 
adjacent switch house are built on a hillside similar to the 
60,(M)0-volt station described above. Tbe twelve 400-kw., 6600 
to 66,000-volt transformers are set up in insulated cells, and 
have a disconnecting switch on each side. At present the high- 
tension side is delta connected, and supplies 66,000 volts to tbe 
transmission lines. This wilt later be changed to a star con- 
nection to deliver 100,000 volts. The high-tension deltas are 
connected to reactance coils, and the transformers feed the 
main buses or the transmission line, with switching connec- 
tions similar to those given for tbe previously described station. 
The high-tension oil switches are type L Westingbouse, and are 
arranged in two rows. Three single-pole vessels go to make np 
one unit. 
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StTBSTATIONS 

Modern systems have come to a^ume such large proportions 
that it ]iai> become aecessarr to find some method of feeding 
other than those heretofore employed. Formerly the feeding 
capacity was increased by raising; the d.c, voltage, by using 
boosters, or storage batteries witb or without boosters, or by 
increasing the number of units in the independent generating 
stations. The method now almost universally adopted for large 
systems is to generate a high-tension altematiDg current in a 
central station and distribute it to the net through a number of 
substations. (See Chapter XXV.) The determination of bow 
this method should be applied depends (1) upon the manner 
in which the system has expanded; (2) upon the kind of 
service, and (^) upon the reliability of the machines and ap- 
paratus : 

1. The first point divides itself into three cases, (a) In tbe 
first ease tbe system for which the generator station was 
originally designed has expanded to such au extent tbat 
isolated auxiliary plants become necessary to assist in supply- 
ing tbe excess demand in the various stations. This problem 
may be solved by dividiug the systems into sections and supply- 
ing each section from its own independent station. This case 
arises most frequently in lighting or street railway systems in 
large cities, (b) A large system may also be formed by com- 
bining a number of independent, widely separated smaller sys- 
tems, each having its own station. Suburban and interurban 
electric railways combined with street railways will be included 
under ihis head, (c) Electrifying railroads or designing 
large hydraulic plants for electrical transmission purposes, 
necessarily involves large service systems from the very 
start. 

Lately tbe development of gas engine design has made sucli 

progress that it is safe to predict that in the future central 

U7 
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stations of eDortnouB power will be built near the sources of 
coal supply to feed systems of wide radius. 

2, The kind of consuniption of electrical energ,v materiall.v 
affects the ways aud means for distribution and supply. Under 
this head there will be included: Street and interurban rail- 
ways, or trunk lines, arc or iDcaDctescent lighting systems, and 
power distribution for motors, electrometalurgical or electro- 
chemical purposes. (See Chapter XXIV.) 

3. The method to be used for power distribution will depend 
upon the cost and reliability of machines for converting the 
energy from the central station into energy- suitable for the 
desired purposes. It will also depend upon tbe adaptability of 
the consuming apparatus to the varying conditions to wbich it 
is subjected in service. 

A study of the three above-mentioned considerations will 
lead to a determination of wbich course to pursue in order to 
obtain the best results with regard to coat, reliability and 
adaptability. 

Three systems are then available: (1) Altemating-cnrrent 
central station with substations in which the high tension is 
stepped down and is converted by means of converters. (2) Al- 
ternating-current central stations with substations in which 
the converting to direct current is done by means of motor- 
generator sets. Transformer bauks may be employed to step 
down the high tension when necessary. (8) Low-tension alter- 
nating-current feeder service. This requires either substation 
with transformer banks, or transformer banks alone located at 
tbe points of consumption. In some cases it becomes necessary 
to make use of motor-generator sets to change the voltage, fre- 
quency and phase of the higb-tension supply. 

(Substations, like independent d.c. stations, supply districts 
in which they are located and in order to save copper they must 
be located at tbe load centers of these districts. Since they 
perform the same service as tbe former d.c. stations which they 
replace, and which are located at the load centers, it follows 
that the new substations may be located in the old buildings 
or on adjacent property. The equipment of the old stations is 
often used as a reserve or for peak loads. Tbe number and 
size of the substations will naturally increase with the growth 
of the system and with the intensity of the load. The cost of 
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real estate, bnlldings, machines, operation and attendance will 
increase with the number of stations. It must therefore Ik; 
considered whether it would be cheaper to use a large number of 
stations near together or a smaller number farther apart, but 
having a correspondingly increased power rating. Moreorer, 
it must be remembered in this connection that substations with 
large units necessarily involve greater cost for reserve machines 
and for feeder systems. High service voltage allows greater 
distance between substations as noted in previous chapters. 
In direct- current service the line drop may be compensated and 
the efficiency of the machines may be increased by using storage 
batteries with boosters. (See Chapter V.) 

SYNCHHONOUH CONVBBTEB SUBSTATIONS 

Since synchronous converters first came into practical use 
in 1897 their development to the present day has tended to 
simplify a great many problems arising in large installations. 

The direct-current voltage of a converter can be changed 
only by a change in the impressed alternating-current voltage, 
or by a change in the shape of the magnetic field set up by the 
field winding of the converter. For the first method, until 
recently, resistance coils and variable field excitation were in 
use; taps from the lowering transformers or from separate 
regulating tranformers and induction regulators, the last 
mostly in connection with shunt wound converters. More 
recently the method using a synchronous alternating -current 
booster mounted on the same shaft as the converter armature, 
and connected electrically in series with it, has been intro- 
duced. Another method of direct voltage variation based on 
the second of the two principles mentioned above, i.e., by a 
change in the shaite of the magnetic field, has also been intro- 
duced recently. This is the " split-pole " or *' regulating pole " 
converter, of which each pole is split up into two or more 
stations and the field form varied by varying the excitation of 
the different sections. 

The use of resistance either in the lowering transformers or 
in special coils in connection with series windings on the field 
poles of the converter, is based on the principle that an in- 
crease in excitation causes the phase relation of the current 
to be leading with respect to the line voltage, and leading 
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current through i-€sistaDce gives a rise in the resultant voltage. 
This voltage variation is automatic and therefore suits best 
for railway work in which the load fluctuation ia large and 
rapid. On the other hand, the variation is obtained at the 
expense of a varying power factor. 

The use of a i^ynchronouB ttooster involves the addition of an 
alternating-current generator of «pecial characteristics to a 
standard rotary converter ; the generator has tJie same number 
of poles as the converter, and the two revolving parts are 
carHed by the same shaft. The booster, therefoi'e, generates 
a voltage of the same frequency and phase as the induced 
voltage of the converter, and by properly proportioning its 
parts, the wave shape of the booster may also be made tlie same 
as the wave shape of the converter voltage. The booster 
armature is connected in series with tlie converter armature 
so that the voltage delivered to the converter ai-uiature is the 
sum of the line voltage and the booster voltage. The delivered 
voltage is varied by varying the field mrrent of the booster 
— in one dii«clion to raise, and in the other direction to lower 
the converter voltage. 

In the Hplil-pole couvertei-s the variation of the d.c. voltage 
is secured Ity varying the distribution of the flux under each 
pole, i.e., by varying tlie field form. For that purpose each 
pole, instead of l)eiug in one piece with one field coil, is made in 
two or thi-ee wctionH with two or three separate exciting coils. 

It is a known fact that the voltage generated in any d.c. 
machine is iii-oportional to the average value of the flux, or 
the average ordinate of the field form, between adjacent 
brushes. A variation of the field form which increases and 
diminishes the average ordinate will increase and diminish the 
generated voltage. This is done by means of the regulating 
poles with their separate exciting coils. On account of Ihe 
presence of a.c. line voltage, the variation in field form must 
be acconijilished without varying, t() a correspcmding degree, 
the wave form of the a tferna ting-current voltage generated in 
the converter armature. The split-pole converter, therefore, 
consists of two essential elements; first, a means of varying 
the field form, and second, a means of eliminating the variation 
in altemating-cnrrent wave form resulting from the variation 
in 'the field form. 



DiQitized^yGOOgle 



SUBSTATIONS 351 

Btep-down transformers used with converters consist either 
of a bank of three single-phase transformers or one three-phase 
transformer. 

The advantages of polyphase transfonners over the single- 
phase type are as follows : 

1. The initial cost is less as the expense for material, labor 
and connections is less for one polyphase than for three single- 
phase devices. 

2. The efficiency is greater as the loss due to the smaller 
amount of material is less. . 

3. It takes np less space and is lighter than the three single- 
phase transformers. 

4. The cost of delta and star connections on high and low- 
tension sides is much less, since they call for less material and 
work. All connections are made inside of the transformer case, 
thns rendering them safer and simpler. 

6. Transportation and installation costs are less. 
The disadvantages are as follows : * 

1. Large cost for reserve nnits. Although the cost of a three- 
phase transformer is larger than that of a single-phase, the 
rating of the former is three times that of the latter. Where a 
large nnmber of transformers is used, the relative cost of re- 
serve is small. In some places in Europe it is castomary to 
hold in reserve only the coils of the core type instead of the 
entire transformer, as these coils are easily replaceable. For 
the shell type the entire units most be used as reserves. 

2. The system is seriously interrupted in case one of the 
polyphase transformers is disabled. This is the most serious 
disadvantage because in services with overhead lines which are 
ekposed to atmospheric disturbances, a greater length of time 
is required to replace or repair a polyphase than for a single- 
phase transformer. If three single-pbase transformers are 
delta connected on the high and low-tension sides it is still 
possible to use two of them at two thirds load without over- 
heating in case the third is disabled. With the core type of 
polyphase transformer, the service is entirely crippled under 
these conditions, and with the shell type with delta connection, 
service may be maintained for only a short time until the 
trouble can be remedied. If the three single-phase are Y con- 
nected nn one of the sides it is no longer possible to maintain 
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the service wlieo one is disabled. In exceptional cases, how- 
ever, when the Y connection is grounded and the ay&tem liaa a 
grounded return, partial service nia_v be kept up. 

3. Cost for repairs is larger. 

With a bank of thi-ee single-phase transformers, an; dis- 
turbance is confined to the phase in which it occurs, while with 
the polyphase arrangement, such disturbance easily spreads to 
the adjacent phases and involves larger repairs. 

4. If self-cooled transformers are used, the power of the 
polyphase type is limited to 1500 kw., while with banks of 
single-phase almost twice this power may be employed. As a 
matter of fact, however, self-cooled transformers are seldom 
used over 1500 kw. Air-cooled polyphase are built for any de- 
sired power. 

5. The difficulty of handling the larger number of taps for 
different voltage steps on one transformer is considerable. 

On comparing the above advantages and disadvantages it is 
evident that three-phase transformers are applicable in large 
stations where the relative cost of the reserve is small, where 
there are sufficient handling facilities and where saving in 
door space is essential. In transformers used for from 11,000 
to 19,100 volts, the high-tension side is generally connected in 
delta, and with from 33,000 to 66,000 volts in Y with the 
grounded neutral. The secondaries are connected with the con- 
verters as follows : For two-phase diametrically, for three-phase 
A, Y or T, for six-phase diametrically, double delta, Y or T. 

Transformers are built self cooled (H), air blast (AB), oil 
cooled (00) or water cooled (WC), the manner of cooling de- 
pending upon the power and voltage. 

For installation where initial cost is of less importance than 
minimum attendance and where very large units may not be 
asked for, the oil-cooled type of transformers is recommended, 
For plants ix'quiring the largest size of transformers, either 
air blast or the water-cooled types must be used, if the choice 
depends on voltage, cheapness of water snpply, fire risk and 
first cost. 

In the air-cooled type, ventilators driven by induction motors 
must be furnished, and the trnuaformers provided on the bot- 
tom with dampers must be sot up over an air-tight chamber 
which receives the air blast from llic ventilators. The diagram 
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in Fig. 263 gives the amount and pressure of air required for 
single-pbase transformers. Approximately 150 cubic feet of air 
per minute are I'equired for each kilowatt loat. For three-phase 
type the volume required is equal to that for three single-phase 
transformers each of one-third the power of the three-phase 
apparatus, but the pressure should be that required for one 
single-phase corresponding in power to the three-phase trans- 
former. Turns in the air chamber should be avoided, and the 
cross-section should be such that the velocity of the air blast 
does not exceed 500 ft. per min. It should consist of smooth 
fireproof material and should be provided with drainage and 
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Fia. 368. — Diagram Showing tlie Amount and Pressure of Air Required for 
SiDgle-Pbase Traruformers. 

be easily accessible. Water and oil-cooled transformers have 
external piping to carry the cooling liquid to the apparatus. In 
the former type the water is forced to circulate, an extra pump 
being necessary for this purpose. The oil insulated types 
have the primary and secondary lead-terminals set on top of 
the transformer, while the air blast have the primary on top 
and secondary on the bottom. Traveling cranes must often 
be provided to handle the larger units, or the transformers are 
constructed with rollers or are handled with roller wagons on 
tracks. 

With transformers having large ratios of transformation 
and operating on high voltage lines, there may occur, on the 
low-tension side, momentary voltages to ground, greatly in ei- 
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cess of the Duriual potential. Tlieae momentflrj increasea in 
low-teusiou voltages are called "static disturbani-es," and in 
general are the result of a change in the static balance of the 
high-tension side and its connecting circuits. In transformers 
with a high i-atio of transformation this static disturbance on 
the low-tension side may cause serious strains in the insulation. 
It is more serious in high ratio transformers because its in- 
sulation is less able to withstand it, the induced static voltage 

Single Ptaae. Two - Phose Two - PhOM 

j I '^i, ,/i' ■ ^u 1 ^ ■ V ^ J- 

4 4 -V i 

Two-PhcxM nirea-Phoae TVirm-Phosa V. 
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being independent of the ratio of transformation. A method 
of relieving this disturbance is to join a dischai^ gap between 
a middle or neutral point of the low-tension side of the trans- 
former and the ground. An.v voltage very much in excess of the 
maximum normal will cause a discha^e to ground over the 
adjusted opening of the spark gap. The low-tension side will 
be thus tied to ground during such a discharge while at other 
times it is ungrounded. The commonly employed spark-gap 
connections to banks of transformers for different transforma- 
tions are shown in Fig. 2fiSn. The low-tension windings are 
only shown as the connection of the high-tension windings is in 
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general immaterial. One gap ia used id all groups except that 
in two-phase iadependent circuits. 

BubstatioDS may be classed with regard to their location in 
the high-tension net as : 

Intermecliate stations, and end Btations. The former will 
lie between two or more other substations and the high- 
tension incoming lines feed the machines in the station and 
also the high-tensioo outgoing feeders which in turn feed the 
next substation. In case the intermediate statiun is lo<^'ated at 
a junction of several lines, and feeds a number of other sub- 
stations it is called a distribution substation. End sub- 
stations are the last stations on the system and may eventually 
become intermediate stations when the system expands. Tn 
case a load on a system is subject to shifting to certain sections 
during certain seasons, so that the load at these points requires 
additional substations, portable substations atv made uii^e of. 
A station of this kind consists of a car containing a complete 
substation equipment, which may be moved to any point along 
the tracks of the system and there joined to the high-tension 
line and the low-tension d.c. feeders. This form of substation 
is used only in railway service. 

SUBSTATIONS WITH HOTOB-OBNBRATOR SETS 

The great variety of component units which when mounted 
on the same shaft constitute a motor-generator set. enables 
snch a set to meet very effectively the difTerent requirementa 
called for by railway, power and lighting service. 

The two most important uses for motor-generator sets are for 
changing frequency and for delivering direct current. ^Viien 
a railway or power system fed by a high-tension curi-euf at 
25 cycles is to be made to supply a 60-cycle lighting system 
a motor -genera tor set would be used consisting; of a ^.'i-cycle 
synchronous motor and a 60-cycle alternator. The arnuigcnient 
of the machines must naturally be reversed if the lighting sys- 
tem is to feed the railway system. This use of motor-gener- 
ators may be illustrated in another way, by considering two or 
more independent power systems of different frequency, whose 
snpply is to be rendered interchangeable. 

To drive single-phase railway motors it is often necessury to 
u«e motor^nerator sets with 60-cycle three-phase synchronous 
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motoi-B UDd 25-cycle single-phase generatoi-fl. By this i 
the oonveraion is accomplished without unhalanciag the three- 
phase system. 

Iq designing motor-generator sets the speed must be so chosen 
that it will correspond to both frequencies and there mast 
lie taken into account whether or not the set is to be reversible. 
The most frequent use of motor-goierators is to convert bigb- 
tension alternating current into low-tension direct current. 
Synchronous motors are preferred for this purpose since they 
are reversible. The power factor, of the transmission line 
can be easily regulated by changing the Seld strength and the 
motor can be wound without difficulty for 10,000 volts or more. 
On the other hand an induction motor is of simpler construc- 
tion, and requires a simpler switching arrangement aud no 
exciter. The synchronous motor may be directly joined to the 
high-tension line, provided the transmission voltage lies below 
15,000 volts. It might also be fed from a transformer bank 
when the line voltage exceeds the above value. The d.c. gen- 
erator is of the ordinary type and is built for any required 
voltage. 

Since a motor-generator set is employed for the same purpose 
as a synchronous converter the question arises which of the 
two methods is the better in any given case. The points which 
govern a selection are: (1) cost; (2) reliability; (3) adap- 
tability; (4) efficiency; and (5) floor space. 

In a paper read by Mr, B. W. Allen before the Association 
of Edison Illuminating Company are discussed the advantages 
and disadvantages of different apparatus for d.c. substation. 
An extract of the paper is given in the following tables and 
analysis of the figures. The machines taken for comparison 
are of the very latest type, the eyclironous converter being of 
the Hplit iH»le tyi)e. while the motor-generator sets are equipped 
with commutating poles. 

The synchronous motor generator set having been selected 
in the accompanying table as a basis for the comparisons for 
the different types of sets in regard to their efficiencies, prices, 
floor space and Heights, conclusiims can be drawn as td the 
advantage in the use of one or of the other machine in cases 
at hand. 

The values for synclii-onous convertei-s and induction motor 
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TABLE OF CO SI f All ATI VE EFFICIEKCIES, PKICES 
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PRICE PER KW. 

+ M I - 4.0« I 
-1.4* — 11.7]( 

—a Of — .5)1 

-3.0)1 I +10.0)1 I 

FLOOR BPACE 

800 801 ( +18.7)1 I 

500 133 Same as +8 8)1 

1.000 186 8yn. Mot +25.0)1 

8.000 440 I Gen, Bel. I — 8.4)1 | 



WKIQHTS 

-2.0X I — 36.0J I 

-4 a -30.0)1 

-8.1« _ 6.0)1 

-7.0)1 I — 3.8S I 



33.20 + .9)1 
l».4r> -I- .211 
18.10 I +5-0)1 I 



I I +48.0)1 

Snmeoe +86.0)1 
8yn. Mot. 



300 50.000 1 

500 68.000 

1.000 98.000 

D,000 215,000 I 



48,000 I — 2.0^ I 
65,000 —4.6)1 
Oa.OOO — 3.3S 

313.000 I — 1.4S I 



• Electrical World. November 14, 1908. 

sets are expressed in percentage of the corresponding values 
in the synchronous motor set. The sign preceding ii tlgui-e 
denotes whether it should be added to or subtracted from the 
figure given on the synchronous motor. The analysis of the 
figures shows that the 25 and 60-cycle synchronous converters 
are superior in eflUciency at all loads to either type of motor 
generator set, the difference being particularly marked at light 
load on the 25-cycIe macliine. The brush friction and windage 
constitute n relatively larger proportion of the losses in the 
60-cycIe converter, and its efficiency at light load only exceeds 
that of the motor generator set by a small amount. The in- 
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iluction motor sel is unnv efficient tban tbe Hynehroaous motui 
net at 25 cycles, but lestt efficient at CU cycles. The difference 
in efficiency is conBidered in all cases when the cost of fuel 
for ateam generation is an important factor. If water power 
iH used this item may lose its signiflcaoce. 

With the exception of the 1500 and 2000-kw. 25-cycle units, 
tbe synchronous converters are less expensive in both fre- 
quencies than the motor-generator sets. In the larger sizes 
the 25cycle induction motor sets are less expensive than either 
of the synchronous machines. The high cost of tbe 300-kw., 
25-cycle induction motor set is due to the external starting 
devices, which constitute a r^atively large proportion of the 
cost of the motor. Tbe 60-cycle synchronous motor-generator 
sets are less expensive in all sizes than the induction machines 
listed at this frequency. If induction regulators are used with 
the older types of the converters tor regulating the voltage, 
tbe advantage in the less cost of the converter is almost en- 
tirely eliminated. 

The additional floor space required for converters with 
transformers must be considered in substations where floor 
space is valuable, such as in large cities. If the transformers 
can be located on a gallery a greater capacity in synchronous 
converters than in motor generator sets can be installed in a 
substation of a given floor space, inasmuch as induction regu- 
lators and series boosters are no longer necessary with tbe 
split-pole type of synchronous converters. 

It is often necessary to increase the output of substations 
having limited floor space and headroom by the installation 
of larger units. Instances of this kind may be found in sub- 
stations located in the basement of office buildings in large 
cities. The conditions here imposed have been successfully met 
liy vertical synclironons converters. In Chicago, for example, 
the use of this type permitted tbe output of a substation to be 
increased 50 per cent, over that possible with any other ma- 
chine available. 

Tbe weight of the motor-generator sets is, owing to the high 
speed, slightly less than that of the synchronous converters, 
with its accessories, the induction motor weighing less in both 
frequencies than the synchronous motor set. 

Continuity of service can, with careful attendance^ be ob- 
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lained fruiu all tbi-ee clastivs uf iiiuchinet;. Tlie excellent pru- 
lec-tion afforded by the use of speed liiuititig devices, reverse 
t'urreat relaya and circuit breakers, practically elituinates the 
possibility of damage due to runaways or overloads. 

Synchronous converters equipped with regulating poles can 
be used to obtain a wide range in voltage without materially 
increasing the cost over that required to give a lower range. 
The excitation of a split-pole converter can be controlled by 
meaDB of an automatic regulator and the direct-current voltage 
kept constant even with wide variations in the voltage of the 
alternating-current supply. The regulator may also be adjusted 
to hold a constant load on the converter and cause storage bat- 
teries or other machines to carry fluctuations in the load be- 
yond a predetermined amonnt. Advantage can be taken of this 
point when the enei^y is purchased from a transmission com- 
pany whose rate of charge is based on maximum demand. In 
case induction and synchronous motors are niied in the same 
system ; the lagging current of the former can be compensated 
by overcomponnding the synchronoos motor, so that the 
resultant current from the central station will be in phase 
with the voltage. This ability to furnish a leading current to 
the line and improve the power factor and hence tbe regulation 
and output of the generating and transmitting equipment, con- 
stitutes one of tbe greatest advantages of synchronon^ over 
induction machines. The synchronous motor-generator set is 
therefore best suited in a system carrying a low power-factor 
load, as extra capacity for improving the power factor can be 
furnished at a small increase in the flrst cost and the same 
time the d.c. voltage may be easily and independently regulated 
by means of the shunt rheostat or by overcomponnding tbe 
d.c. generator. Motor generator sets are well suited for l^ht- 
iug purposes. In Europe they are used almost exclusively 
and are preferred to converters even in d.c. railway service, 
as their converters, which have a frequency of 50 cycles, possess 
the same disadvantages as our 60-cycle machines for railway 
service, 

Storage batteries are installed in tbe majority of lighting 
substations, and direct current starting is to be recommended 
in such cases for all three classes of machines. If d.c. cannot 
be obtained from such a source, a failure of the a.c. supply 
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will cause a complel;^ Bhut down of the aubatation and require 
the starting of at least one onit from the a.c. side, after which 
d.c. will be available for starting the remainiDg uuits. All the 
machines described are suited for starting either from d.c. or 
a.c. side. The resistance in the Becondary circuits of the in- 
duction machine limits the current at starting to a value con- 
siderably less than that required at full load. 

Synchronous motors are started by means of starting com- 
jfensators. Synchronous converters can be started from i or 
-J and I taps or the secondary of the transformers. 

Twenty-five-cycle converters are better adapted to railway 
service than motor-generator sets, as they respond more readily 
to fluctuations in load and possess a greater overload capacity. 
Those equipped with regulating poles are superior to all types 
of machines listed in those qualities which ordinarily govern the 
selection of low frequency substation apparatus with the 
exception in cases where precise voltage regulation is neces- 
sary. Sixty-cycle synchronous converters are more efficient 
than either type of motor generator set, but afford a relatively 
small margin for correcting the power factor of the system, 
this last is the reason that synchronous motor-generator sets 
are more generally used at the higher frequency. Sixty-cycle 
induction motor-generator sets are the least efBcient of all and 
as they possess the added disadvantage of lowering the power 
factor of the line, are seldom recommended for lighting and 
power substations. 

In practice motor-generators are used for feeding the two 
outer wires in three-wire systems, or for feeding all three wires . 
in three-wire systems. In the former case a single generator 
will be used coupled to a synchronous motor, and in the latter 
two generators driven by one induction or synchronous motor 
are required. For railway service there is used one 6ft0-volt 
generator with an induction motor. Motor-generators are also 
used as exciter sets, booster sets, balancer sets in three-wire 
systems, or as charging sets for storage batteries. 

TRANSFORMER SCBSTATIONS 

A system employing high-tension alternating current, pos- 
sesses not only the advantages due to high tension, but also 
those resulting from the use of alternating current. 
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Id America as well a» in Europe alternating-c-un-eDt rail- 
way service is esseDtially single-phase, although in a few in- 
clined railwaja sucli as the Jungfran, Gomegrat and Engel- 
berg and the experimental road Berlin-Zossen, three-phase is 
nsed. Single-phase in preferred on aeeoimt of its simplicity' 
and especially since the new types of single-phase motors have 
done away with the former lack of good motors with which 
single-phase current could be used. 

In the following paragraphs there will be pointed out the 
various methods employed in practice for generation and dis- 
tribution of alternating current. 

1. Single-phase current is generated, and is fed to the over- 
head lines directly as such or through transformers. 

2. Three-phase current may be generated to supply a motor- 
generator set from which the required single-phase is obtained. 

3. The single phase railway net may be joined through trans- 
formers to one leg of the three-phase transmission line. 

4. Tbethreelegsof tbethree-phaselineare connected to trans- 
formers and are made to supply separate portions of the system. 

5. The central station may be located at the center of the 
system and generate two-phase, each leg supplying energy to 
half of the system. 

6. The three-phase line may be connected to three-phase-two- 
phase transformers which feed separate sections of the line. 
Each section is supplied from two adjacent substations. 

1. In this case it must be remembered that no syuchronons 
converters, self-starting synchronous motors or indoctioD 
motors starting under load can be fed from the line. This sys- 
tem is therefore applicable exclusively to railway service and 
especially for trunk lines using a current of 15 cycles which is 
subject to no other kind of load. 

Single-phase generators are difficult to regulate. They are 
heavier and more expensive and operate at lower efficiency. The 
same considerations apply to single-phase transformers. They 
nevertheless afford simpler generation and distribution and 
therefore the switching arrangements are cheaper. When 
transformers are required, one in each substation will suffice. 
In that case one terminal of the low-tension side of the trans- 
former is grounded and the other is connected to the overhead 
line. 
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2. If three-phase is generated, synchronoua convertera mav 
be used to feed motors and lighting Bj-atemB. A single-phase 
railway net supplied from motor-generatorB does not subject 
the primary transmission line to unbalanced loads, which is 
one of the greatest advantages of this system. The set can be 
used as a frequency changer, with the motor run by a 60-cycle 
current and the generator supplying current at 25 cycles. An- 
other advantage is that it can be set up either in the central 
station or in the substation. In the former case, both the 
primary and secondary distributing nets are single-phaae, 
while in the latter, the primary is three-phase and the second- 
ary single-phase. 

3. Although the system in which a single-phase railway net 
is fed from one leg of a three-pbase system admits of the use of 
converters and synchronous motors on all three legs of the cii^ 
euit, it nevertheless causes considerable nnbalanced loading, so 
that the rating of the starting machines is reduced by bK>m 
30 to 50 per cent. The generators themselves will have the 
same disadvantages as the single-phase machines, and moreover 
will have only two-thirds the rating which they would have in 
a balanced three-phase system. In this case both the primary 
and secondary distribution are single-phase. 

4. When the length of the overhead line may be divided into 
three parts or any multiple of three, then the sections are fed 
singly from the separate legs of the three-phase circuit. Any 
two adjacent substations will feed the intermediate section 
from the same phase, so that two transformers in each sub- 
station will be necesBary to care for the service. The three- 
phase net is balanced subject to the condition that the sections 
are equally loaded. As this requirement cannot be met, this 
method of generation and distribution is open to the same 
objections noted above under 3. 

5. In this system, like in the one described above, the two- 
phase line is balanced only as long as the two sections are 
loaded equally. 

6. In this last system, the three-phase is sapplied to each 
substation where three-phase-two-phase transformer bank (con- 
sisting of two transformers) is operated. The secondary de- 
livers two-phase current and the phases are separated so that 
each feeds a portion of the overhead line. As a rale, adjacent 
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substations feed the intermediate section from the aame leg, 
as in case 4. The system is balanced only when the line is cor- 
rectly subdivided and when the loads in the various sections 
are equal. 

In considering the relative merits of substations, how- 
ever, it is found that the two Bystems differ widely. 

Consider a single-phase system with substations for stepping 
down to a lower supply voltage or for supplying single-phase 
from three-phase e.m.f. Each of the substations most be 
equipped with one or more transformer banks which, when 
compared to the equipment for converter substations, cost 
considerable less. The cost of biiildings, switching equipment 
and attendance is also a great deal less than for the converter 
stations. Since the voltage in the supply lines for this kind 
of system is higher than that ordinarily used with direct cur- 
rent, a greater line drop bei-omes admissible, when it follows 
that the subetatioos may be placed farther apart. This nata- 
rally results in a less number of such stations and in greatly 
reduced total cost. 

In single-phase systems the distance between substations 
and the cross section of the overhead lines for a given service 
voltage and drop are interdependent. The relation between 
these quantities should be such that the greatest possible 
economy is obtained, that is, the least weight of copper with 
the least number of substations. In this connection the fol- 
lowing points should be taken into account. 

1. The line drop should not be sufficient to affect the efficiency 
of the car service or the lighting of the cars. 

2. Resenes must be kept on hand in each substation for re- 
placing disable<l apparatus. The rating of the transformers 
must lie large enough to enable them to carry not only the 
maximum overload but also the combined normal load of their 
own section pluR that of the next adjacent section. ( In ease of 
breakdown of an adjacent transformer station.) 

3. The overhead line should hare neither too small nor too 
large a cross section. The latter specification is to avoid un- 
oecessarily heavy suspension. 

4. A less number of substations decreases the number of 
danger points where the connections to the bigb-tension line 
are made. 
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The pi'eeeding table givt.'s the lengtli, nuDiber of i-ars aiitl 
service voltage of B^stems employing single-phase current ou 
the entire line or on only a part of the system. Two values iu 
brackets in the voltage column indicate that part of the service 
is single-phase and part direct current. The latter is generally 
employed in cities while the former is used ou the suburban 
and interurban lines. 

MISCELLANEOUS SUBaTATIONS 

Another type of substation contains only storage batteries 
which are used to feed the lines. A station of this sort is 
usually located iu an annex to a central station or to a con- 
verter substation, or it may be housed in a building of its own. 
This depends upon whether or not the battery is to be used as a 
reserve or equalizer for the converters, or for feeding the line 
directly, equalizing the load in the transmission line or for 
compensating the voltage loss. Equalizing and compensating 
tend towards saving in copper and raising the efficiency of the 
line. Liue batteries are connected to the line directly as float- 
ing batteries; that is the charges and discbarges are made to 
depend upon the suddenness of the load flurtuations. If the 
Huctuations are not sudden enough or if a more sensitive 
regulation is required, the action of the battery is regulated by 
a booster located in the central station or in the battery sub-, 
station. 

On their electric zone The New York Central and Hudson 
River Railroad employs two circuit lu'ealier houses between 
each two adjacent substations which are fed from the nearest 
substation. They are used to assist in governing the supply 
for the third rail. Each house contaiuK six circuit breaker, one 
for each of the connection.s to the four third rails, one for the 
auxiliary feedei-s, and uiie rm- a spare in case of failure of the 
olher five. The circuit breakers open automaticaily <»u over- 
load but they can also be oi)ened or closed from the nearest 
])(>wer substation. Pilot lamps in these stations indicate 
whether the breakers are o])ened or closed. 

Lightning arrester houses are placed where underground 
feeders change to overhead lines. They contain the necessary 
lightning protective devices, reactance coils and disconnecting 
switches. 
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CHAPTER XXVII 
TTTICAI. 8UBSTATZOH8 

IX)NG ISLAND E. B. 

In the following description is given an extract of an article 
by W, N. Smith, published in Street Railway Journal: The 
high-tension transmission system of the Long Island Railroad ' 
is shown in Fig. 234. From the central station in I^ng Island 
City five feeders run out in an 18-dnct conduit line to Dutch 
Kills Street, and thence overhead on a line of steel poles to the 
distributing substation at Woodhaven Junction. A branch 
line of three circuits mns westward from here to East New 
York substation, two circuits ruDDiug thence to Grand Avenue 
substation, all these being mn in underground conduits. To 
the east of Woodhaven Junction there are two circuits, run 
underground to Dunton where the trauBmission is changed 
from underground to overhead, continuing eastward overhead 
on steel poles to Rockawav Junction substation. The branch 
circuits from the Rockaway Junction to the portable sub- 
station terminal buildings at Belmont Park and Springfield 
Junction are carried overhead on wooden poles. An additional 
feeder runs out underground from Woodhaven Junction in the 
same direction, to the repair shop at Morris Park. Southward 
from Woodhaven two circuits are carried overhead to Hammel 
substation. 

The table on page ^68 gives the present and ultimate equip- 
ment of the above mentioned stations. 

The converters used in the substations are of the Westinp- 
house type, each provided with a starting motor mounted on 
an extension of the base of the converter. The 1000-kw. con- 
verters are rated to deliver 1600 amp. at 625 volts and 1667 
amp. at 600 volts. The three-phase e.m.f. at the alternatin<: 
end is approximately 370 volts for 625 at the direct-current end. 
These machines possess 8 poles and operate at 375 rev. per min., 
* '' Lotig Island R. U. SubsintiotiB," Street Railway Journal, June 28, 1900. 
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correspoDding to a frequency of 25 cycleB per second. The 
1500-kw. converters are rated to deliver 2400 amp. at 625 volts 
or 2500 amp. at 600 volts. They have 12 [(oles and run at 250 
rev. per min. Both types have compound field wiDdings with 
the ahunt winding arranged for self-excitation. 

The transformers used for the convertei's are of the air- 
blast type. Those for the 1000-kw. converters are grouped in 
banks of three 875-kw. ti'ansformers to one converter. For the 
1500-kiv. niacbines they are in groups of three 550 kV. each. 
The high-tension winding is dei^igned for a normal e.m.f. of 
12,000 volts, with taps ari-auged to enable other voltages to be 
utilized down tu 10,000 volts. The low-teusion winding is 
designed to carry iOO volts normally, with taps which will 
enable other voltages to be taken off down to 340 volts. The 
high-tension terminals are at the top of the transformer, and 
the low-tension in the bottom. 

In each station there are four sets of auxiliary transformers 
which supply energy for the foljnwinj! purposes: (1) To the 
converter starting motoi-s. (2) To the motors driving the 
booster-generators and their exciters. At Hammel station 
these transformers are made largi' enough also to drive con- 
verter starting motors at the same time. (3) For driving the 
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tniiisfoniifi' blower motors and an induction motor-generator 
Kel u»;d to cbarge the Buall auxiliary storage batter; that eup- 
plies energ,v for the electric switch control system. (4) For 
house lighting. 

At substations Nos. I, 2, 3 and 4 where there are no 
storage batteries, a group of three transformers is employed to 
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Fig 264.— Outline Diagram of Feeder Circuits. 

furnish energ,^' for the starting motors of the converters. These 
are rated at 5(1 kv-amp. each, the bank being able to start up 
and synchronize three 1500-kw. converters simultaneously. 
They are of the oil-insulated, self-eooliug type and reduce the 
three-phase 25-cycle current from 12,000 volts to 400 volts. 
They are placed in a row on the main floor and are connected to 
the main bus by an automatic oil switch, electrically operated 
from the uiain control stand. 
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At substation No, 5 where » storage battery is employed tbaf 
involves the use of two 162-kw. t)ooBter-generatorp each driven 
by a 235-hp, induction motor, there is provided a bank of three 
2(H)-kw. air-blast transformers. These are sufllfiently large 
not only for operating the battery booster under maximum 
conditions of load but also for simultaneously starting one 
converter without dropping the secondary voltage of the 
transformers sufficiently to affect the booster regulation. 
These transformers are set on the main floor over the air dncts 
for the main transformers aud in line with the latter. 
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— ArraitgemeQt of CoDnecttons to Hfgh-Teiision Buses at 
Woodh&veD Btation. 



The seven 0.5 kv-amp. transformers are provided for the 
blower motors and the induction motor which operates a small 
booster-generator used for chaining the auxiliary storage 
battery that furnishes energy for the electrically operated 
switch control system. At Woodhaven Junction they are 
of 10-kw. rating. These transformers are of the oil-insu- 
iiited type, and the transformation is from 12,000 volts to 
400 volts. 

The Woodhaven Junction station and those in East New 
York and Bockaway Junction distribute alternating current to 
feedei-s supplying the outlying substations near the terminals 
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of the railway syBteiu. For this purpose they are equipped with 
two sets of buses, one called the transfer bus and the other the 
workiag bus, the former giving flexibility in shifting feeders 
among all the substations. Tbe converter or working bua in 
each station receives energy directly throngh feeders, and inde- 
pendently of the transfer bus in that particular station. This 
enables high-tension ene^y to be passed through an inter- 
mediate substation to one or more beyond, independent of 
operation of apparatus in the former. 

Fig. 2()5 illustrates the high-tension connections at Wood- 
haven substation and shows how the three outgoing branches 
of the feeder line eacli i-eceive energ.v through a separate sec- 
tion of tbe transfer bus in that station, each section having an 
independent feeder on the main trunk line coming from the 
power station. The transfer bus is sectioualized by non-auto- 
matic oil switches so that all branches can be run separately 
or together as desired. By means of tie switches the converter 
bus can be coupled to either of the three sections of the trans- 
fer bus. The other two intermediate substations have a similar 
equipment but it is somewhat simpler, as less apparatus is re- 
<iuired. In the ultimate installation it is planned to have main 
feeders run directly from the Long Island City power station 
to each of these three principal substations. The feeders now 
connecting to these transfer buses will then be available as 
relays. 

At substations Nos. 1 and 5 the only bus needed is that re- 
quired for tbe operation of the converters. 

The plan aud cross section of the Woodhaven station are 
shown in Figs. 266 and' 267. A side track enters the station 
and enough space is provided to permit the entrance of a 
portable substation which can be coupled with the apparatus 
at the station if required. Tbe feeders from the central station 
run to a tower- like structure in one end of the station 
where tbe lightning arresters, reactance coils and disconnecting 
switches are located. The arresters are of the Westinghouse 
low-equivalent type mounted on marble panels which ai-e car- 
ried on steel angle iron framework. The three arresters 
on the three le^ of the high-tension circuits are sepa- 
rated by barriers of asbestos lumber. The arresters are 
all provided with knife switches so that they can 
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readily be disconnected. There is a reactance coil in 
aeries with each main circnit mounted near the top of the 
steel framework. The arresters are monnted on special 
porcelain insulators and the use of wood is entirely diBpensed 
with in the lightning arrester gallery, thus- insuring fireproof 
construction. The openings in the side through which the 
cables enter are 18 in. square, enclosed by two glass plates 0.375 
in. thick and separated S in., having 2.5-iD. holes in the centers 
through which the cables and feeders pass, without touching 
the glass. Access of rain or snow through the openings is pre- 
vented by a thin brass disk about 2.5 in. in diameter which is 
fastened upon each cable between the two glass plates. 
Standard straight line insulators are used for supporting the 
bare wire inside of tbe building. 

From the gallery the cables are led down the main wall to 
the basement whence they are ron to the respective oil switches 
on the machine room floor. These switches are set up in two 
rows, that nearer the outside wall containing all of those be- 
longing to the distribution system for the other substations 
and the other containing the switches for station use. From 
the feeder oil switches cables are led to the working and trans- 
fer buBes on the bns gallerj'. From tbe latter they run through 
disconnecting and oil switches to end bells for the nndet^ound 
cables in the basement or to the reactance coils and li^tning 
arresters in the tower for the overhead lines. From tbe woric- 
ing buses, on the other hand, the cables pass through discon- 
necting and oil switches to the high-tension delta of the trans- 
formers. The positive cables of the machine are led to the 
positive busbars on the d.c. board on the operating gallery; 
whence the feeding of the third rail is controlled. The out- 
going d.c. feeders are taken out nndei^ound in tile ducts. Tn 
Pig. 265 there are indicated the mounting of the negative and 
equalizer buses, the field switch, and the shunt resistance in the 
foundations of the machines, and also the pedestals with 
the D^ative and equalizer switches on the machine room 
floor near the machines. On the operating gallery are set 
the switchboards controlling the a.c. feeders, the bench 
and instrument boards for the converters, and as mentioned 
above, the panels for the d.c. side of tbe machine and for the 
d.c. feeders. 
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Till' ii.i'. control appni'Htuo consistH of two groniw, one tak- 
ing i:nre of tbe oil switches for tbe iDcoming feeders from power 
station to transfer bus, for the bus section switches of this set 
of buses, and for the outgoing high-tension feeders from the 
transfer bus to the substations. The second group controls 
the feeder from the power house to the working or converter 
bus, the switch connecting the transfer and converter buses and 
the switches joining the main transformers for the converters 
with the working bus. The first group has its controlling ap- 
paratus on a switchboard consisting of three panels, each of 
which has provision for mounting six SOO-amp. a.c. ammeters, 
eight controllers for the oil switches with eight pairs of signal 
lamps. The second group is mounted on a separate bank of 
control benches with instrument panels, which are set np 
so as not to oljstruct the operator's view over the station. 
Going from left to right the designation of the control and 
instrument panels on the bench and overhead framework is as 
follows : 

1. Two converter bus connecting switches. These connect 
the converter bus with the transfer bun. 

2. Alternating-current feeder direct from power station to 
converter bus. 

3. Blank panel reserved for booster in case of storage bat- 
tery installatiou. 

i. Switches connecting tbe converter bus with transformers 
supplying converter starting motors (and booster motors when 
installed). 

ij. Blank panel for future converter. 

fi, 7, 8. Panels for converters installed. 

The oil switches for manipulating the 12,000-volt current are 
three-pole type C Westinghouse. Their normal carrying 
capacity is 600 amp., but they can handle a short-circuit of a 
maximum kilovolt-ampere rating equivalent to a generator rat- 
ing of !t.%<>00 kw. All oil switches are automatic except those 
used for connecting the sections of the transfer bns. The con- 
trol apparatus by means of which the electrically operated oil 
switches are worked from the control stand consists of a clt-- 
cnit supplied by a storage battery whose curren* 's conveyed 
to the two closing coils and one tripping coil of each oil-switch. 
The control clrenits are closed either by a controlling iwitctL 
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OD the beticli. uv if control is autoiiiatie bj the tioie-liuiit rela,v 
which is actuated from a series transformer in each high-tenBlon 
circuit. The panel with the relays is on the machiDe-rootn 
floor uoder the operating gallery. 

The high-tension busbars each consists of three sets of bars 
of rolled copper mounted on porcelain pillars and carried in 
closed compartments placed one above the other in a structure 
of yellow pressed brick with albereue stone slabs separating the 
three tiers. The holes by which the taps enter and leave the 
compartments are made through alberene atone slabs bushed 
with heavy porcelain insulating bushings. Where the busbars 
are sectionalized the compartments in the same tier are com- 
pletely divided off by stone slabs. The shunt transformers are 
in separate closed compartments on top of the bus structure. 
On the back of each of these structures is built a set of vertical 
aeptums to separate the cables that enter and leave the struc- 
ture to tap the busbars. The septums are continnons with 
those in the opward extension of the back walls of the oil 
switch structure. 

The air-cooled transformers are set up over air chambers in 
two rows on both sides of the machine room. Two ventilators 
supply the chambers, operated by 9.8-hp. motors. The venti- 
lators run at 480 rev. per min. and deliver 18,000 cubic feet of 
air per minute at 70° F. against a maintained pressure of 1 oz. 
per square inch. All disconnecting switches are separated 
from each side by asbestos barriers. The series transform- 
ers for the instruments and relays are mounted in compart- 
ments in back of tbe oil switches. 

The arrangements in the other stations are similar to the one 
described above but are somewhat simpler, since there are less 
machines and Instruments and since no lightning arresters are 
necessary with the underground lines. 

Hammel station differs from tbe otbers in that it is provided 
with a storage battery which is used as a regulator for the con- 
verters, though provision is made in the design of the other 
substations for their ultimate installation. The battery itself 
comprises 300 elements of the Electric Storage Battery Com- 
pany's chloride accumulator, each element containing 55 type R. 
plates in regular service. At the temperature of 70' F. they 
have the following ratings: 
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Fro. 360.— CroM Sectioa of Lightning Arrester House. Long laknd Railroad. 
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Rata. 


Time 


RMim. 


700 amp. 
1000 '■ 
1600 ■' 
3200 '■ 


She. 
5 '■ 
3 " 
1 " 


5600 amp-hr. 

5000 ■■ ■■ 
4500 " '■ 
3200 " " 



The norma) rating of the battery is on the basis of one hour, 
for which time it can be discharged at the rate of 3200 «mp. 
In case of necessity, however, the battery can discharge at the 
rate of G400 amp. for 20 minutes. For instantaneouR lliictua- 
tions it can discliarge up to a momentary masinium rate of 3600 
amp. For charging and discharging of the battery, and lieme 
its proper maintenance as a regulator to maintain a com- 
paratively steady load on the converters, there are used two 
direct connected, motor-driven, separately excited boosters. 
Each consists of one three-phase induction motor for 25-cycle8 
at 400 volts rated at 235 hp. and of a booster-generator rated to 
deliver 1200 amp. at 135 volts. The overload capacity of the 
latter is 1600 amp. for one hour and 3200 for two minutes. The 
transformer equipment which supplies the motor coneiota of 
three 200-kv-anip. air-blast transformers. The field of the 
booster is excited by a small booster exciter-generator driven 
by a S-phase, 400volt, 25-cycle induction motor. The strength 
of the field and the polarity of the hooster-exciter field-coils are 
regulated by a carbon regulator manufactured by the Electric 
Storage Battery Company. By the aid of this regulator the 
polarity and field strength of the exciter change instantaneously 
with the fluctuations in the main circuit, which in turn produces 
changes in the excitation of the booster. This latter regulates 
charging and discharging of the battery. In this way the 
fluctuations of the load on the converters may be adjusted 
within a wide range (from 5 per cent, to 50 per cent.). 

Wherever an underground feeder changes to an overhead 
line, lightning arrester houses are installed. Fig. 264 shows 
the location of two of these houses, one at Dutch Kills Street, 
and the other at Dunton, and three others on the line going to 
Hammel substation. In Fig. 268 the cross section of the 
Dutch Kills lightning arrester house is shown. It is a brick 
structure and contains room for eight ontgoing overhead cir- 
cuits which leave the house four on a side. The arrester house 
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is 33 1.5 feet in length, 17.5 feet wide and 30.5 feet high iDside. 
The steel beams supporting the apparatus extend to the outside 
of the building, forming a series of racks for the support of 
tran.^misaion cables which are dead-ended upon them. The 
arresters are all provided with knife switches. Resistance ooile 
are built in, in series with each main circuit and another knife 



Fid au9.— Cross Si'ciioii Dc Kiilb Ave. Subslailon. (Coney IsliitiJ and 
Brooklyn R. R. Co.) 

switch between the coil and the cable liell. The disposition 
of file material i» such as lo ec(momi7« space and at the same 
time make each circuit cnjiablo of ready access without in- 
curring risk from other apiiaratus. The incoming cables are 
cavried through the floors by lueims of ducts reaching to the 
lust manhole in the conduit line, and are arranged along the 
wall running through the swilchcs tiud through the reactance 
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i-oila to tbe various outlets. The arresters are mounted on 
either side of the steel framework in the center of the building; 
and the ground connections all run to a single ground lead con- 
sisting of a 5.5-8q. ft. copper plate buried in the ground between 
layers of crushed coke. The outlets and arresters are the same 
as in the station preTiously described. 

CONEY ISLAND AND BROOKLYN RAJLBOAD COMPANY SUBSTATION 

Figs. 269, 270, 271, 272 and 273 show the arrangements de- 
signed by the author for the substation in De Kalb Avenue. 




Fia. 273.— Delnil of Uil Switch Pipe MeclianiBm. 

The building im typical for city wnice where real estate is ex- 
pensive. It is built on a lot 2ri ft. wide and is at present 
equipiK'd with Iwo lIMHI-kw. couvertei-s. If necessary-, the rear 
of the building can be extended ho an to accommodate two 
additional units. The narrowness of the building necessitates 
a special gallery arrangement for tbe apparatus. Four three- 
pole oil switches (2 for incoming line and 2 for tbe machines) 
are set up in separate cell structui-cK, tlip end walls of which 
are continued upward so as to cniry tlie gallery with the air 
chamber nnd busbar compartments. The inner partitions of 
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Fia. 274.— PUa aad Elev&iioa of a Stand&rd Converter Snbstation for 18,91 
Volt*, with 800-kw. MBChiaei and Slnsle-Pbase Alr-Blast Tnuufonner. 
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the structures also run up to tbe gallerv, but serve oqIv as 
barriers for the separation of the busbar eoDDectioas. The 
high-tension three-conductor cables are led in ducts to the 
wall back of the oil switches where they diverge and are joined 
to the disconnecting switches. From here they run on to the 



Fio, 275.— CroM Scclion of Stiition Shown in Fig. 274. 

ceiling of the air-chamber to the oil switches. AH oil switches 
are type K4, (G. E. Co.), three single-pole making one triple- 
pole. They are operated by means of a pipe mechanism and 
shafting. Each oil switch set has its own operating board 
placed at its side and the operating shaft passes through open- 
ings in the cell walls. From the oil switches the cables are 
led through disconnecting switches to the lljOOO-volt buses and 
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fi-ora here they pass tlirougli another series of discoDnecting 
and oil switches up to the air chamber and the tranefornierM 
on the gallery. The transformers are air-cooted, 11,000 to -ISO- 
volt and 3T5-kw. rating each. Their high-tension side is star 
connected. 

The low-tension cables lead from the transformers to the 
starting panels which are located opposite each machine, 



Fie. aTT.— CroBB Section of Stiitiuii »liown in Fig. 27<t. 

whence they rnn in ducts through the machine foundations to 
the converters. The positive cables, and the negative and 
equalizer buses are contained in ducts and openings in the con- 
verter foundations, the former running from the manhole B to 
their d.c. panels while the negative cables lead from the same 
nmchine side to the main manhole A, to which the outgoing d.c. 
feeders are also led. On the gallery there are, besides tbi; 
transformers, two blower sets, each driven by a 4-hp. induction 
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motor at 350 volta and 750 rev. per min. Note the concrete 
blocks under the individual cells which serve as foundationa 
for the walls supporting the gallery. All a.c. paaels are set up 
between the oil-switch cells. The d.c. board on the other hand 
is in line with the cells at the end of the row. The busbars are 
sectioualized and the bus compartment has rather large open- 
ings at the section points for operating the disoonnectiDg 
switches. 

Since all niacbines and apparatus are made in standard 
forms, it is often found convenient to standardize their arrange- 
ment in the station. This makes each station a concrete unit 
which may be dealt with as such. Tbe equipment for a traction 
system substation might thus be given by a specificatiOD 
formula such, for instance, as follows: 

One M-kw. type Q. converter 25-cycle. 

Three "kw. type B. transformers. 

One high-tension panel board type S. 

One low-tension panel board type T. 

One lightning arrester 3-phase type W. 

Oil switches and cables. 

Uake up in brick compartments. 

Take one station for each M miles of track. 

In the following plates, 27'i to 281, there are shown a num- 
ber of arrangements for traction system substations for various 
high-tension values and kilowatt ratings of the machines, 
and for different tyjies of transformers and oil switches. These 
plans were pi-epared by the General Electric Company, and 
are intended to give the normal arrangements for the par- 
ticular kind of service for which they are designed. It is as- 
sumed in all cases that there is sutflcient floor space available. 

Figs. :i74 and 275 installed at present: 

Two 300-kw. 3-phase synchronous converters, 25-cycle. 

Six UO-kw. single-phase, air-blast transformers, 'AVi^ volts, 
A connected. 

Two blower sets (motor operated). 

Two reactance coils with starting panels. 

Three alternating-current high-tension panels: 2 machines, 1 
outgoing feeder. 

Two alternating-current low-tension panels: 2 indnctioD 
motors for blowers. 
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Six direct- current low-tension : 2 machines, i feeders. 

Two lightning arreeters: S-phase for a circuit, multigap, 
multiplex. 

Six reactance coils. 

Nine band-operated oil switches, K2 or K4 type, 8. P. 8. T. 
in cells. 

High-tension buses and insulator supports. 

Brickwork for cells, air chamber, machine and basement 
foundation. 

Tile ducts for low-tension a.c., for equaliser, negative and 
ground connection cables. 

Wall outlets for overhead bigh and low-tension lines. 

Gallery for lightning arresters. 

Frame support for bigh-tension buses and panels. 

Cables. 

Space is provided for another oil switch set for a. second 
outgoing feeder or fop eventual use of oil switches for the in- 
coming feeder. The building can be extended to the left with- 
out interrupting the service. 

Figs. 27fi and 277. At present installed. 

Two 3-phase, 25-cycle, 30U-kw. synchronous converters. 

Two 3:W kw., 3-pliase, air-blast transformers i|Htt 13,2(»0 to 
370 a connected volts. 

Two blower sets (motor oi>erated). 

Two reactance coils with Htarting panel. 

Three alternating-current high-teuKion panels: 2 luachines. t 
outgoing feeder. 

Two alternating-current low-tension panels: 2 induction 
motors for blowers. 

Six direct-current panels: 2 machines, 4 feeders. 

Two lightning' arresters : 3-phase for a circuits, multigap, 
multiplex. 

Six reactance coils. 

Nine hand-operated oil switches, K2 and K4 tyiie S. P. S. T, 
in cells. 

nigh-tenston buses and insulator supports. 

Brickwork for cells, air ebambers, machine foundations and 
basement. 

Tile ducts for low-tension alternating current, for equalizer, 
negative and ground connection cables. 
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Wall outlets for overhead iiigfi-tension and low-tensiou lines. 

Gallery for lightning arresters. 

Frame support for high-tenaiou buses and panels. 

<'nbles. 

Space IB provided for another oil switch set for a second 
outgoing feeder or for eventual use of oil switches for the in- 
coming feeder. The building can be extended to the left with- 
out interruption of service. 

For a similar station with oil-cooled transformers the equip- 
ment is as follows: 

Two S-phase, 25-cycle, 300 kw. synchronous converters. 

i^is single-phase, 110-kw. oil-cooled transformers, WaV volts, 
A connected. 

Two reactance coils with starting panel. 

Three alternating-current high-tension panels: 2 machines, 1 
feeder. 

Six direct-current low-tension panels: 2 machines, 4 feeders. 

Lightning arresters: S-phase for A circuit, multigap, multi- 
plex. 

Six i-eactance coils. 

Nine hand-operated oil switches, K2 or K4 type, H. P. 8. T. in 
cells. 

Higli-tensiou buses and insulator supports. 

Brickwork for cells and machine foundations. 

Tile ducts for low-tension direct-current equalizer, negative 
and ground connection cables. 

Wall outlets foi- overhead high-tension and low-tension lines. 

Gallerv for lightning arresters. 

Frame sup|iort for high-tension buses and panels. 

Cables.. 

Figs. 27S and UT!). 

Tlirei' l>-|>lia8e, 2.^-rTcle 500 kw. synchronous converters. 

Nine single-phase. 185-kw. air-blast transformers, VfiV 
volts. A itinnected. 

Two blower sets (motor operated). 

Three reactance coils with starting panels. 

Seven alternating-current high-tension panels: 3 machines, 2 
outgoing and 2 incoming feeders. 

Two alternating-cnrrent low-tension panels : 2 induction 
motors for blowers; 
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Nine direct-curi'ent low-tensiou paneli^ : :t uiachiDe», 6 feedei-is. 

Four lightning arresterH : 3-pLa»e for A circuits, multigap, 
mnltiplex. 

Twelve reactance coils. 

Twenty-one hand-operated oil switchea, K6 type, S. P. S. T. 
in cells. 

High-tension bnses and insulator supportfl. 

Brickwork for cells, air chambers, machine foundations and 
basement 

Tile ducts for low-tension a.c. cabl^. 

Wail outlets for high-tension and low-tension lines. 

Railing and frame support for insulators and high -tension 
bnses and panels. 

Cables. 

Note the separate compartments for the lightning arresters. 

The building may be extended to the left with little trouble. 

Figs. 280 and 281. H^,„ f„, 

PresetH Fimire 

Equipnipnl Adillliou 

Six-phase, 25-cycle, 1000 kw. converters. . 3 1 

Single-phase 375 kw. air-blast transform- 
ers, ^W volts, A connected 9 3 

Blower sets (motor operated) 2 1 

Reactance coils with starting panels. ... 3 1 

Alternating-current high-tension panels, 3 
machines, i feedera 7&1 blank for \ 

Alternating-current low-tension panels, 2 
induction motors for blowers 2 1 

Direct-current low-tension panels. 3 ma- 
chines, 12 feeders ir» & 1 blank for 1 

Motor-operated H3 oil switches in cells 

each3-S. P. 8. T 7 1 

High-tension bus and insulator supports. 

Static dischargers for the underground transmission line. 

Brickwork for cells, compartments, air chambers, niacliine 

foundations and basement. 
Tile ducts for high-tension and low-tension feeders. 
Frame supports for switchboard iind insulators. 
Cables. 
Storage battery for motors on H3 switch (with panels). 
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Space and foundations are provided for iustalliag a fourth 
eonverter with accesBories. The building may be extended in 
either direction. 

PORTABLE SUBSTATIONS 

The uses to whi<'h portable subatatione are put were stated 
in the previous chapter. Under the description of the Long 




Fio. 381— Cross Section of Station Sliown la Fig. 380. 

Island R. R, Rvstem two such stations were mentioned which 
are used during the racing seafon at Rplmont Park and at the 
Metropolitan Race Track. Each of these stations is equipped 
with a lOflfl-kw. converter which is identical with those used 
in the regular stations, and with three 375-kw. air-blast trans- 
formers with the accompanying ventilator equipment and 
auxiliary apparatus. Fig. 2S2 shows the arrangement of this 
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' apparatus in the lar. The Boor of thf car is of very Htrong 
steel eoDstructiou while the sideH and roof are made as light 
as posBible. The converter is set up in the end of the car, and 
this part can easily be taken apart no that the machine may be 
dismounted or removed if nwessary. At the other end there 
are the three symmetrically arranged transformcj-s. They are 
easily removable, and can be lifted through the roof of the car 
by the traveling cranes of any of the substations. They are 
mounted on a raised chamber which is supplied with air from 
the blower. The latter delivers 4500 cubic feet of air per 
minute at a pressui'e of 1 oz. It is driven by a thi-ee-phase :i- 
hp. 4l)0-volt induction motor which is supplied from the a.i-. 
board from the low-tension side of the transfomu'rs. 

The high-tension lines come into the car through three inlets 
on the high-tension side. They are first led to an oil switch 
(type C. WestinghoMse, 600 amp.) eD<'Ioaed in a yellow pressed 
brick cell, whence they run along the roof of the car to the 
delta conne<tion on the high-tension side of the transformers. 
The space l)etween the oil-switch cells and the transformers is 
accessible through doors in the side of the car. There are 
three switchboards in the car. The first is provided with 
several switches making possible four combioatinns of voltage 
from the low-tension side of the transformers, and the second 
and third are the a.c and the d.c, hoards. The converter is 
started by an induction motor. The induction motor section 
also contains the switchboards and is accessible through doors. 
The d.c, feeders leave the car on one side near the d.c. side of 
the machine. When in service these cars are housed in specially 
constructed sheds where they are connected up with the high- 
tension line. The necessary lightning arresters are therefore 
installed in the towers of these sheds, the arrangement being 
similar to that described above for lightning arrester booses. 

Direct current for operating the oil-switch solenoids is drawn 
directly from the third rail, and the solenoids must therefore 
be wound for 500 volts. Xote the method of mounting the 
shunt transformers on either side of the oil switch and of the 
series transformer on the roof of the car. AM cables in the car 
are laid under the machines and transformers. The control 
and operation of the machines are exactly the same as in all 
of the other substations of the system. 
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Id order to secui-e a rigid base for ttie machines wlieii in 
service, the car iB lifted off its trucks and eprings. The car 
alone wei^H 49,000 lb., and the weight of the equipment ia 
142,400 lb. 

Figs. 283 and 284 show a portable snbstation equipped with 
General Electric machines and apparatus, used by the Cincin- 
nati and Columbus Traction Company. The converter is u 
400-kw. 3-phase, 25-cjcle machine and delivers a 600-volt direct 
current. A three-phase air-blast transformer '^^^ ■ volt-370- 
volt, delivers the necessary low-tension current for the con- 
verter. The latter is started on the a.c. side through two 
double-throw switches, which at starting connect the machine 
to a low voltage and when running to a 370-volt eircuit. The 
machine and transformers are placed in opposite ends of the 
car in order to balance the weight as much as possible. A 
number of wooden blocks are fastened to the floor of the car 
and hold the cast iron frame of the machine in place. The 
high-tension lines are brought in through inlets protected 
against rain, etc., and are led to the three single-pole oil 
switches which are mounted on wooden supports on one side 
of the car. These supports also carry the operating mechanism, 
which is actuated from the switchboard through a linkage sys- 
tem. The starting and control panels are placed side by side 
while all instruments for both the d.c. and a.c. sides are 
mounted on individual bases directly on the walls of the car. 
The negative machine terminalft are dii-ectly connected with 
the steel work of the car. A disconnecting switch is provided 
for connecting the negative side with the equiitizer bus in case 
the car is used as a i-esevve »tiilion or is run in jmrallel with a 
stationary substation. The positive cables run from the 
circuit breaker through the side of the car to a terminal 
stud on the outside to facilitate connection to the third rail 
Lightning arresters are provided near the inlets of the high- 
tension cables. There are a number of openings in the rool 
over the transformers so that these may be accessible for re- 
pairs or removal. In the middle of the oar there are two doors 
and besides this there are a number of windows in the sides for 
illumination. 

The approximate dimensions for oars with machines of dif- 
ferent kilowatt ratings are given in the following table. The 
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first three are those recomineDded by the General Electric Com- 
pany, and the fourth is that used by the Long Island Bailrond 
Company, where Westinghouae maehineB are employed: 



Rating of CoDVSrter. 


Length. 


Width. 


HdBbt. 


kw. 
200 
300 
400 
1000 


ft. in. 
30 00 
34 6 
41 00 
36 8 


ft. in. 

7 G 

8 10 

9 00 
8 10 


ft. in. 

7 8 

8 G 

8 6 

9 



TBANSFORMER STATIONS 



A distribution system for single-phase railway service 
with single-phase transmission is indicated in Fig. 285. 



Fio. 284.— Wiring Diagram of a Portable Substation. 

The connections between the intermediate and terminal 
Fiiibstations are also shown. In the intermediate station 
the incoming and outgoing lines are connected to 22,000-volt 
transfer buses, which supply the auxiliary buses in the sta- 
tion. Both terminalH on the high-tension side of the trans- 
formers are connected to the auxiliary bus, and one terminal on 
the low-tension side is grounded while the other is connected to 
the 2200-volt bus. The trolley wire is sectionalized in front of 
both substations and the immediate section is fed by both of 
the stations. The low-tension feeders have single-pole auto- 
matic oil switches, and the high-tension have double-pole 
switches. With the exception of tlie outgoing feeders the end 
station is identical with the intermediate 'Stations. All ia- 
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noniiug atut niitgoiDg feeders are protected by liphtDiug 
arresters. 

Pig. 286 shows the distribution for a single-pbase railway 
system, with three-phase traosmission. double track. The 
high-tension side is analogous to that xhown in Fig. 285 with 
the exception that there are bank» of two transformers con- 
nected three- phase- two- phase to supply the low-teunion buses 
instead of one, as before. The two phases supply different 
sections of the two trolley lines, a given phase always feeding 




Pia. 285.— Distribution Brstem for Single-Phase Railwny, Single-Phwe 
Tnnsmluioii. 



the same trolley. If only one trolley is used its sections are 
supplied alternately by both phases. 

ROCHESTER DIVISION OP THB EBIE RAILDOAD 

An extract of Mr, W. N. Smith's paper published in i^irert 
Railicap Journal.' This line was the first in this country to 
operate electric cars on a single-phase system, over the tracks 
of an operating steam railroad. Further, it was the first to 
use 11,000 volts' working pressure on a trolley, and the first 
instance of a single-phase traction system, receiving power 

* " Single PhAsc Electric Motive Power on the Rocbeiter Divlsioit of the 
Erie RallrMul," by W. N. Bmltb. Str*tt Sailwig Jownal, Oct. 18. IMT. 
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from a W),000-volt trunsiuiBsion line. The energy ie supplied 
from the plant of the Ontario Power Company at Niagara Fallu, 
iit 60,OUO volts' pressure, which is stepped down at the Avon 
substation to 11.000 volts' working pressure. Figs. 287, 288 
and 289 ai-e the plans and cross sections and wiring diagram of 
this substation. 

The building is of brick resting on solid concrete fouoda- 
tions, the roof and floors being of reinforced concrete. The 
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Pm. 2ij6.— DUtribuiiuu SysUui fur SiDgle-I'has« Railway, Tliree-PluM 
TranamiBSion. Double Track. 

floors are supported upon steel beams but the roof beams are 
of reinfoi-ced couci-ete like the slabs which they support. The 
building is abKotutely fireproof, the doors and windows being 
of kalouiein construction and fitted with wire glass. It is 39 
ft. 8 in. by 44 ft. 00 in. outside and 29 ft. 10 in. high from the 
top of the foundations to the top of the parapet. In the base- 
ment are located one of the transformer oil tanks and the oil 
pump. The main floor is divided into three rooms, the main 
transformer room being 43 ft. by 17 ft. and extending the full 
height of the structure to allow room for the high-tension bns- 
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bars which .ire carried over the IraiiHrorniers. The remnininf; 
space OD the iiiaiu Hooi- is divided into a high teiiHion room 
(through which tlie (iO,(IOO-volt wires euter and wLicli is the 
location of the high-tension circuit breakers, l(i ft. 8 in. by 19 
ft. 8 in.) and the ojieriiting room which is 19 ft. 8 in. by 24 ft. 
00 in. where all the 11,000-volt switching apparatus and the 
measuring instruments are located. Directly over the operat- 
ing chamber is a mezzanine floor, reached by an iron stair- 




I I ™ 



Fio. 389,— Diagram of Conneclions of the Avon Substation. 

case, in which are located 11,000-volt lightning arresters, the 
60,000-volt reactance coils and the 60,000-volt series trans- 
formers. 

The transmission line terminates at the lightning arrester 
yard in the rear of the substation. The arrangement of the 
BO.OOOvolt lightning arrester consists of three horn gaps ar- 
ranged one behind the other on each of the three conductors, 
the first gap being 4.7") in. across, the second 5 in. and the third 
6 in. A concrete colnmn is in series with the first gap, an 
electrolytic arrester in series with the second and a 5-(t. fuse 
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of No. 18 copper wire in ueries with the tUird. that iB between 
horn and gi-ound. Both liorna of each gap are 1.5 in. round 
iron. Between the line and the first arrester there is a hook- 
type knife switch, and Ijetweeu the last arrester and the lead 
going into the Bubstation thei-e iB a No. 18 copper wire fuse in 
each conductor, placed horizontally. I'hese fuses are enclosed 
in wooden tubes about H ft. long, wrapped with torpedo twine. 
The entire arrangement of lightning arrester gaps, fuses and 
switches is mounted upon 18 chestnut poles and a suitable ele- 
vated platform railed off and fitted with a gate to keep out 
trespassers. 

The thi-ee high-tension conductors enter the subBtation 
through glass disks held in 3<l-in. tile set in the upper portion 
of the rear wall of the substation. Within the substation the 
wires first pass to three 60,(M)0-volt stick-type circuit breakers 
mounted dii-ectly inside of the rear wall. Thence they run 
over bare copper conductors to the three oil-insulated re- 
actance coils situated on the mezzanine floor, thence through 
three oil-insulated series tranaforjnere, also on the mezzanine 
floor, and finally through a wide opening in the division wall 
to the 6fl,fl00-volt busbar in the ti-ansformer room. The bus- 
bars are mounted upon porcelain inaulators on wooden cross 
arms at a convenient height over the transformers. 

The transformers are of the Westinghouae oil-inanlated, 
water-cooled type, each of 750 kw. For the present installation 
two only are used, the third and middle one being the spare. 
The high-tension connections are such that in case of one trans- 
former failing while in service, its connection can quickly be 
taken off of the busbars and put on the spare transformer. 
The transformer windings are fitted with taps enabling the 
thi-ee-phasp-two-phase " Scott connection " to be used. The 
low tension windings can be ao connected that 11,000 or 
2:!.0ii0 volts can be obtained, the latter to be used in case ao- 
ollicr substation for a 40 or 50-miIe extension ia added. The 
low-tension windings also have six taps enabling small varia- 
tions in the secondary voltage. One end of each low-tension 
winding is directly grounded to the boiler iron case which in 
turn is directly connected to the track return circuit by means 
of a No. 4 copiHT stranded cable. The transformer cases are 
made of Imiler iron and are set on a square cast iron base 
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which i« mounted on Ihrw pairs of wheels ruaniug upon an 
iron sub-base set in the i-oncrete door of the room. A ti'iiik 
runs lengthwitte across the room direc-tlj in front of the trans- 
loruieitt. A transfer truck runs upon this, and ou the top of 
the truck there is another set of small wheels which lioe up 
with those on which the tiausformer caaes are set. 

Two cylindrical lioiler-iron oil tanl{» are provided. Une in 
located ia the hasement directly under the transformer room so 
that the oil from the transformer can readily be drained into it 
and the other is suspended from the concrete roof beams at the 
top of the tratiBformer room, close to the side wall of the build- 
ing. This is intended to act as a reservoir for distributing oi! 
back into the transformers. The oil is pumped from the lower 
to the upper tank by means of a steam pump supplied from the 
boiler room in the adjacent division roundhouse where steam is 
always available. 

The water circulation is by gravity, the supply coming from 
the railroad company's water tank system. There are three 
separate water-cooled coils in each transformer case, each one 
controlled by its own valve. 

The low-tension busbars run along the division wall of the 
operating room and directly beneath them are three type E 
Westinghouse automatic oil switches, one on each of the two 
trolley feeders, the third or middle one being the spare. One 
pole of each of the three oil switches is connected to the center 
pole of a double-throw hook type switch by means of which 
it is thrown upon either busbar. The other pole of the oil 
switch runs directly to the feeder. The outgoing lead from 
the middle or spare oil switch can instantly be thrown upon 
either one of the feeders should the oil switch controlling that 
feeder be temporarily disabled. The outgoing ll.OOfl-voIt feed- 
ers run up to the mezzanine floor direitly over the operating 
room where Hiey emerge from the building through perforated 
glass disks set in 18-in. round tiles. Before emerging there 
are tapped to them two Westinghouse low-e<iuivalent lightning 
arresters set in brick compartments and reinforced by two 
electrolytic lightning arresters of the 11,000-volt type. 

A set of call bells is provided so that when the oil switch 
is open a bell is rung in the car inspection shop adjoining. 
Also, if the temperature of any transformer runs above normal 
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a bell circuit connected to the theruiODietors Id the top of the 
trauefornier taok ia similurly made to op^i-utc. The titation 
itself does DOt require the L-outiuuous preeence of an attendant. 
The working force is so organized that the car repair men are 
always available for manipulating the Bubstation oil switches. 
On the mezzanine floor there is room for an oil switch 
eventually to be installed for the 60,000-ToIt incoming line. 
There is aUo space for a fourth transformer and for a number 
of type E oil switches. 

WINDSOR^ ESSEX AND LAKE SHORE RAPID RAILWAY 

in Fig. '2'M there are shown the wiring diagrams of the cen- 
tral and substations of the above system which employs 0600 
voltH' pressure in the overhead trolley. 

The central station is equipped with two generators of 500 
kw. :i5-cycle, single-phase, three-wire, fly-wheel type. The wind- 
ings of these generators are saoh that from the terminals there 
may be obtained current at 13,200 volts' pressure and also at 
6600 volts. The two windings may be used in series for obtain- 
ing these two voltages or may be connected in parallel for ob- 
taining the full rating of the machine at 6600 volts. One of the 
three terminals of each machine is grounded. The exciting cur- 
rent for each generator is furnished by a 30-kw., 125-volt belted 
generator, the field current of which is varied by a Tirrill 
regulator to obtain smooth voltage regulation for the units. 

Energy is supplied to two buses in the central, one at 13,200 
volts which feeds the substation, and one at 6600 votta which 
feeds directly a section of the trolley line. The 13,200-volt 
single-wire transmission line feeds a 300-kw. anto-transformer 
in the substation, which in turn supplies the other section of 
the trolley wire at 6600 volts. The station is equipped with 
the necessary oil switches for the supply to the bnses and the 
two outgoing feeders. The substation contnins only the auto- 
transfornier and the necpsaarv lightning arresters and re- 
actance coils. The swifchlionrd for regulating and controlling 
the output of the generating station comprises five panels, one 
exciter, two machines, one fi600-volt feeder and one 13,200-volt 
feeder. Rnclosed in concn'tn cells baik of the switchboard 
are two machine and three feeder switches. These are distant 
controlled oil switches, type E. • The high-tension wiring 
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within the station ia composed of lead covered cables enclosed 
in fiber conduits. The trolley wire is divided into two sections, 
the 18-miIe section fed from tbe power hoose and the 12-Diile 
section from the substation. 

THE SPOKANE INLAND BAILBOAD COMPANY * 

The Inland Empire System of this railroad operates with 
energy purchased from the Washington Water Power Company. 
The output of this company's plant is delivered at 60 cycles, 
three-phase and 4000 volts. In the purchase of tbe energy the 
charges are based upon the maximum demand during each 
month and for this reason it became very desirable to employ 
some means to datten the railway load curve as well as it was 
necessary on account of the motor characteristics to change 
the frequency from 60 to 26 cycles before feeding the energy- 
to the railway transmission line. The problem was solved by 
combining phase-changing induction motor-generator sets on 
the same shafts with direct-current railway machines which 
utilize a large storage battery as a fly-wheel. 

The station equipment consists of four main units each made 
up of three machines. In each set a 1000-bp. induction motor 
takes three-phase OO-cycle current at 4000 volts from tbe in- 
coming Washington Water Power lines. The machine is 
mounted on one end of a shaft in the middle of which is a 
1000-kw. single-phase 2200-volt 25-cycle generator and at the 
other end of which is a d.c. machine rated at 1100 amperes and 
550 volts. These three machines (tf Westinghouse manufacture 
operate at 550 rev. per min. When the load on the generator 
i» light the d.c. machine runs as a generator and charges a 
275-cell storage battery and when the load is heavy the d.c. 
machine runs as a motor taking current from the battery fuid 
assisting the tbree-phase induction motor in driving the single- 
phase generator. The single-phase generator bas a somewhat 
larger power than tbe three-phase induction motor, the idea 
being that the three-phase motor in connection with tbe d.c 
machine will take nearly as full power from the line under a 
large variation of the single-phase load. At times when the 
single-phase load is excessive, the d.c. machine taking current 
from the battery makes up the deficiency. By this method a 

* Extracted from the Bkelric It'iilirny Rfnetr, October M, 1007. 
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more uuifoi-m load from the tliree-phaHe liuf in Lad. The 
periods of light load are thus diminished aud the peak of heavy 
load materially flattened. These mat-Lines ai'e mounted on a 
common bed plate, each machine having its own pair of hear- 
ings and all being connected by fixed couplings. 

The station equipment also includes two battery boosters of 
960 amp. rating and three 50-kw. exciter seta for the single- 
phase generators. These exciters are driven by 7o-hp, Westing- 
house motors taking three-phase current at 125 volts pressure. 



Fig. 291.— Power Curve Sbowing SmooCliing Sffect of Sior^e Batter; In the 
Spoknne imd Inland Rnllway System. 

The feed lines from the Washington Water Power plant enter 
the station on a gallery and pass to a hand-operated discon- 
necting oil switch and then through reactance coils, instru- 
ment transformers and down through the gallery floor to a 
busbar set. Fiom this power bus, leads pass to the two West- 
inghouse type C oil switches, having reraotp control and located 
on the gallery floor. These switches admit of flexibility in 
feeding two sets of 400fl-volt busbars at the back of the switch- 
board on the main floor. The motors of the phase-cbanging 
sets can be operated from either set of busbars. The oil 
switches for the motors are type P Westinghouse, from which 
energy is fed through startin); resistance in the secondaries and 
rheostatic controllers to the induction motors. 

The battery across which the d.c. machines are connected is 
made up of 27B chloride cells type H-33, having a discharge 
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rate of lISSU ampei-es fiiruiubed by tlie Electric Storage Battery 
Company. Fig. 2!)1 gives an idea of the effect which the bat- 
tery has on the supply line load. The single-phase railway load 
is very irregular while the three-phase supply line load is com- 
paratively smooth. Regulation of the battery booster is con- 
trolled by a carbon regulator operated by changes of current in 
the three-phase supply line. Small changes in the current in 
this line cause the battery to chai^ from or discbarge to the 
d.c. machine and thus keep the power supply load curve flat. 

A 30-panel switchboard from which all the equipment and 
the battery are controlled ie located in front of the gallery on 
the main floor. On the panels for the 750-hp. d.c. machines 
starting switches are provided for taking current from the 
battery for starting and thus not putting the large units on 
to the three-phase 4000-voIt supply line until the machine is up 
to speed. The single-phase 25-cycle generators are controlled 
by Tirrill regulptors. For synchronizing a synchroscope hav- 
ing an illuminated dial with an illuminated pointer is mounted 
on a pedestal in front of the switchboard. 

The step-up transformers for raising the single-phase 25- 
cycle current from the generator pressure of 2200 volts to line 
pressure of 45,000 volts are mounted on cars made of struc- 
tural iron shapes which stand in brick compartments. These 
conipartnieuts are provided with rails set in the concrete floor 
and in front of the row of compartments is a track running 
to a cross track by which the transformers can be taken to 
the end of the transformer room. The transformer car mns 
from the transfer car to the short track leading under the 
crane at the end of the station. From each one of the five 
125((-kw., 2200 to 4.5,fl00-volt single-phase, step-np, oil-insulated, 
water-cooled transformers two leads pass to the gallery floor 
above til (iO.)»(HI-v»>lt tyjie L Westinghouse oil switches and then 
through reactance coils and band-operated disconnecting 
switches to the transmission line. 

The local titilley section is fed from the phase-changing sta- 
tion through a (IfiOO-volt panel on the station switchboard sup- 
plied by thi-ee 37r»-kw. 2200 to 6600-volt transformers. 

When this system will be completed, there will be fifteen 
transformer substations located 10 miles apart. The equip- 
ment of each includes: Three 375-kw. oil-insulated trans- 
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formers connected in parallel and fed through one band 
operated 60-000-TOlt oil switch provided with automatic re- 
lease. Lightning arresters are placed on both high and low- 
tension sides of the transformers and 6600-volt oil switches 
serve to disconnect the transformers from the trolley. 
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TABLE I.-€ARRYING CAPACnT OP BARE AND INSnLATED 
WIRE (Amperea). 
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18 


:i 


5 


4-5 
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281 


373 


17 






5.4 


7,2 


400.000 


330 


500 


349 


463 


le 


6 


8 


6.4 


8,5 


500,000 


390 


590 


413 


64S 


15 






7.6 


10,2 


600,000 


450 


680 


474 


631 


14 


12 


16 


9.1 


12,1 


700,000 


500 


780 


532 


70S 


13 






10,8 


14.4 


800.000 


650 


840 


587 


781 


12 


17 


23 


12.9 


17,1 


900,000 


600 


920 


641 


852 


11 






16.3 


20.4 


1,000,000 


650 


1000 


694 


922 


10 


24 


32 


18.3 
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1,100.000 
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746 
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9 
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797 
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1,300,000 


770 
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8 


33 


46 
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37.3 


49,5 


1,500.000 
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6 


46 


65 
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1430 
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5 


54 
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1,700.000 
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4 


65 
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3 


76 
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74.4 
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1 
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00 
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312 
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TABLE II.— RECOMMENDED CURRENT CARRYING CAPACITIES 
FOR CABLES AND WATTS LOST PER FOOT 
For eacb of four equally loaded paper-inaulated lead-«overed cables 
inatalled in adjaoeot ducts in the uaual typo of conduit Bystem where the 
initial tonperature does not exceed 7(f P., the rrmTimiiTn safe temperature 
for continuous operation being taken at ISO" F. 

(Copyri^t by Studard Uodercround C4tile Co.. IMM.) 
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21 
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400,000 


390 


4.61 




24 


1.09 
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4.91 




29 


1.15 


600,000 
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6.16 




33 


1.25 


700,000 
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6.36 




38 


1.39 


800,000 
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6.66 




45 
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6.01 
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1,200,000 
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857 
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2 
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6.49 


I 
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6.61 
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3.23 


1,700,000 
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6.73 


00 
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3.46 


1,800,000 


1010 


6.86 


000 


225 


3,69 


1,900,000 


1045 


6.97 


0000 


260 


3.92 


2,000,000 


1085 


7.09 
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TABLE III.— BBCOSMENDED POWER CARHYING CAPACITY IN 

KILOWATTS DELIVERED. 

Three-con DUCTOB, Three-phase Cables. 

(CopyA^t, 19W. by BUiuUkI Uadersround Cable Co.) 
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»V. 2.300 V. : 



O V. 4.000 V. S.MO V. 
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242.5 


485 


1067 


2134 


3201 


6402 


10670 


1,800,000 


126.3 
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TABLE IV.—EQUIVALENT OONDUCTOB AREAS 

Of Sinqle Condocttorb op ant Sitit, fro« 0000 to No. 15 in a Staixd 

NuuBBH OF Sualleb Conductors. 



OS. 00 and 1 
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For tlie same temperature riee more current can be carried by using 
divided circuiU, and tte neater the number of divided circuits for the same 
equivalent crosB-Bection, uie greater the amount of current that can be car- 
ried. (See Table of Cturying CapacitieeJ 
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TABLE v.— WATTS PER FOOT LOST IN SINGLE-OONDUOTOB 
CABLES AT DIFFERENT MAXIlfUM TEMPERATURE WITH 
DIFFERENT CURRENTS. 

(Copyriiht, 18M, by SMcdutl Cndervonnd Ckble Co.) 



aw. 














B.ftB. 






Cunmlii) 


Amp«ai. 






GMe- 

















60 


81 


93 


104 


114 


123 


5 


74 


91 


105 


117 


128 


138 


4 


84 


102 


117 


131 


144 


153 


3 


93 


114 


132 


148 


181 


176 


2 


105 


128 


148 


166 


181 


196 


1 


118 


148 


166 


186 


203 


220 
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The watts lost per fiHtt means the amount of electric power bat in heat- 
ing the conductor, and ia equal to the pioduct of the resistance per foot of 
caole times the square of the current in amperes. 

For two-conductor cables the natts oorrespoDding to the different cur- 
rents musC be multiplied by two, and to obtam the currents correaponding 
to the watts in the table, multiplv tbe currents given in the table by 0.707. 

For three-conductor cables the watta correspotidmg to the currenta in 
the table must be multiplied by 3, and to obtain the currents oomsponding 
to the watta in tbe table, multiply tbe currents given in the table by 0.577. 
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TABLE VI.— RUBBER-COVERED WIRE 



B. A 9. Giga TblckiwM 

18 to 10 ^ inch 

16to 8 A " 

7 to 3 V» " 

1 to 0000 JV " 

350,000 to 600,000 . . . . f, " 

600.000 to 1,000.000 . . fy '• 

Over 1,000,000 .... i " 



A " covered by tap or brnid 



360,000 to IHKI.UOO A 
Over 500,000 i 
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TABLE X.— aPABKING DISTANCES. 
The foJioiriitg table ^ves the sparking dtBtanees between sharp points 
eomaponding to different alternating current voUag(« when the ratio be- 
tween maximum and mean effective voltages is v 2 — 1.41 The value* 





iCwiilhl. 1809. by 8twd 


udUndarg 


loimdCBblE 
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BpM-k DilUDM. 
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A. 


B. 




A. 


B. 


1,000 


0.028 


21,000 


1.092 


1.097 


44,000 


2.370 


2.606 


2fl00 


0.098 


22W0 


1.143 


i.tso 


45,000 


2.432 


2.680 


3,000 


0.159 


23,000 


1.198 


1.206 


46.000 


2.496 
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4,000 


0.216 
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1.247 
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2.660 




BflOO 


0.270 


25,000 


1.300 
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48,000 


2.625 




6,000 
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49,000 


2.692 
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0.&40 


30,000 


1.666 


1.600 
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0.695 
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1.620 


1.656 


ELE(7TH1CAL Enqinee 


na' TuLz. 
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1.712 
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25.000 




,30 
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20,000 


1.042 


40,000 


2.127 


2.220 


40,000 


2.46 






41,000 


2.190 


2,290 


45.000 


2.96 






42,000 


2.247 


2.360 


50,000 




-55 






43.000 


2.308 


2.434 







Column "A" fovea spark distance with 10-in. concave nietallic shields, 
the plane of whose edges was 1 in. back oF the needle p<iint«. 
Cblunm "B" gives the spark distance without ahidda. 
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Air, lequired (or single-phMe 

transformerE, 363 
Alternating current, 7, 93 

-current control apparatus, 
Woodhaven Junction iubeta- 
tion, 374 
current couverted into d.c, 348 
current, geueration snd dis- 
tribution, 361 
-current series ligliting »ya- 

tema, 301 
-current single- phase traction 
Bervioe, 301 
Alternator, to throw into parallel 

witli circuit, 248 
Aluminum lightning arresters, 227, 

228, 22fl 
American Kiver Electric Co., horn 

ariester, 224, 228 
Ammeter jack, 113, 114, 115 
Ammeters, 12, 2S7 

field, 256 
Ampere- time curve, Bel Iowa-type 

overload relay, 155 
Arcing, 211, 278 

gaps, lightning arresters, 214 
Arrester, aluminum, 227, 22S, 226 
coherer ^pe, 237 
horn, 223 
house. Long Island R. R., 376, 

377 
installation, 219 
lightning, 207, 209 
liquid electrode, 2^0 
mounting, 220 
multigap, Don-ardng property. 



211 

multipatb, 237 

type Si D d.c., 226 
Avon eutwUtion, 308, 306 
Automatic appliances, 200 

Barriers, construction. Coney Island 
knd Brooklyn R. R. Co., 3tl 
fireproof insulating, 278 

Batteries, automatic regulation, 30 
line, 306 
regulating, 36 
storage, 7, 31, 360, 366 
storage, Hammel substation, 37S 
storage. Long Island R. R., 370 



storage, Spolcane and InUnd 
Ry. syst^, 405 
Bench board, 272, 274 
Blowout protective devices, Mftg- 

netic, 226 
Booster connections, Indianapolis 
and Louisville Traction Co., 81 
constant-current, 30 
differential, 37 

in series with main circuit, 74 
set, motor, Memphis St. Ry. Co., 

73 
shunt, 36 
synchronous, 350 
Boosting by potential regulator, ISO 
Boston Edison Co. power house, bus 
compartments, 261, 263, 284, 28S 
Edison Co. power station, 302 
Breakers, circuit, 108, 109, 110 
various types, 122 
Westinghouse circuit, 138 
Breaking capacity of oil switcbes in 

kw., 123, 124, 12G, 126 
Bus, one system of cable connec* 
tions, 101, 102 

with sectional izing switcli, 

cable connections, lOl, 102 
structure. Long Island City 

power house, 330 
wile supports, 280 
wires, location, 240 
Busbar oompartmenta, 279 

direct-current method of 

mounting, 19 
duplicat* set, switching ar- 
rangement, 102, 103 
location, 240 
supporting, Indianapolis and 

Louisville Traction Co., 83 
Woodhaven Junction substa- 
tion, 376 
Buses, section between Long laland 

City power house, 329 
Bushings, wall, 292, 294, 296 

Cable connections, 101 

control, type H, oil switch, 161 
in trench, Memphis St. Ry. Co., 
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Cambric insulated cables ; Tables 

Viri and IX. Appendix 
Carbon break (circuit breaker, Q. E. 
Co., type C, form K, 60 
pile regulator, 40 
Carrying capacity, bare and in- 
sulated wire: Table I, Appendix 
CellB, 278 
end, 35 

for 2a00-volt plant, 287 
Central stations, 298 

stations, buildinge, construc- 
tion, 302 
stations, high-tension a^., 208 
stations, typical, 304 
Chicago Edison Co., 86 

]i3ison Co., Fisk St. station, 
302 
Choke coils, 232, 233, 234 
Cincinnati and Columbus Traction 

Co., portable substation, 393 
Circuit breaker, 108, 100, 110 
breaker, automatic, 10 
breakers, direct-current, 50 
breaker houses, N. Y. C. and H. 

R. R., 366 
breakers, motor operated, 66 
breakers, Westinghouse, 138 
interrupting devices, 108 
Clouds, electrostatic induction, 23S 
Coherer type of arresters, 237 
Coil, floating, 167 
reactive, 232 

trip, for oil switches, 121, 
122 
Compartments, 278 
Bus, 279-287 
materials for, 279 
Compensators, starting, 203, 204, 

360 
Conductor areas, equivalent: Table 

IV, Appendix 
Coney Island and Brooklyn R. R. 
central stations, 304 

Island and Brooklyn R. R., De 
Kaib Ave. substation, 378- 
386 
Coonections, 105, 106 

automatically operated single- 
phase induction regulators, 
190 
Avon substation, 399 
battery, with double end^cell 

switch, 34 
booster, controlled by carbon 

pile regulator, 41 
booster-exciter, with counter e. 

m.f. generator, 30 
booster, Indianapolis and Louis- 
ville Traction Co., 81 



iwoster. with counter e.m.t. 

generator, 38 
cable, 101 
constant- current transformer, 

197, 198 
contact-making voltmeter, ISfi 



»pper. 



. 16 



delta, of multigap lightning 

arrester, 213 
diagram, battery charging with 

Cooper-Hewitt rectifler, 28 
diagram. General Electric Co. 

mercury rectifier, 25 
differential booster. 37 
direct-current feeder panels 



162, 164 
external, controller tvpe reguli 
tor, 186 

for solenoid-operated oil switcl 
es, 162, 163 

synchronism indicator, 260, 261 

generator, Indianapolis and 
Louisville Traction Co., 83 

ground, 239 

high-tension, 09 

high-tension, between Waterside 
stations of N. V. Edison Co., 
312 

interlocking tn-o circuit break- 
ers, 63, 64 

internal, controller type reguUt- 



.vitch feeder 



, 184 

internal, dial 
regulator, 182 

low-equivatent lightning ar- 
resters, 220 

of controlling circuits for E3 
oil switch, 137 

oil switches, with trip coils 
operating from series trans- 
formers through circuit-open- 
ing relays, 160 

oil switches, with trip coils 
operating on d.c. circuit us- 
ing circuit-closing relays, 159 
100 

100- lamp air-cooled constant- 
current transformer, 200, 201 

100-lamp constant-current trans- 
former, 198 

polyphase induction regulator 
with synchronous converter, 
192 

shunt booster. 36 

shunt trip coil, 62 

star, of multigap lightning Ar- 
rester. 213 
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Connections: 

stcrting compensator to two- 
phase induction motor, 204 

Ktarting com pen ab tor with three- 
phase induction motor, 204 

starting three-phase induction 
motors from one starting com- 
pensator, 206 

storage battery equaliEcrs, 42 

storage batterv in a.c, system, 
43 

Tirrill regulator for alternating 
current, 173 

Tirrill regulator for direct cur- 
rent, 171 

Tirrill regulators (or three-wire 
system, d.c., 172 

Tirrill re^lator with four alter- 
nators in multiple, 178 

Tirrill regulator with one alter- 
nator, 1T7 

Tirrill regulator with two alter- 
nators and Beparate exciters. 
170 

to high-tension buses, Long Is- 
land R. R., 370 

200-lamp oil -cooled constant- 
current transformers, 201, 
202 

^ical system for lai^ power 
house, lee 

Waterside station No. 2., 313 
Constant-current systems, 194 

-current transformer, internal 
arrangement, 195, 196 

-current transformer, 100-lamp 
oit-cooled, 100. 200 
Contncl, table. t\-pes C and H oil 

HwiUhe*. 149 
Control of a.c. side of conrerters, 
253 

pedestalx. 275. 276 

regulators, 181 

resistancpH. ISO 
Controller type regulator, cnntrolj- 
ing mechanism, 183 

type regulator, external connec- 
tions, 86 

type regulator, internal connec- 
tion, 1B4 
Converters, 7 

compound field, 23 

control of a.c side, 2S3 

foundations. Coney Island and 
Brooklyn R. R. Co., 310 

Long Island R. R. subitations, 
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split-pole, 340, 350 

starUng, 251, 253 

substation, for 13,200 volts, 382, 

383, 384, 385, 300, 301 
substations, synchronous, 340 
synchronous, 21, 251, 356, 357, 

358, 35S, 300, 362 
throwing into parallel with 

other machines, 22 
Cooper-Hewitt, Peter, 25, 88 
Ccqpper, weight, and service voltage. 

Current, alternating, 7 

carrying capacities for cables 
and watts lost per foot ; Table 
n. Appendix 
direct, 7 

low-tension alternating, 03 
value, raising, 104 
Curves showing boosting and lower- 
ing of feeder voltage by induction 
regulator, 188 
showing performance of Tirrill 
regulator, 17B 



Dial switch, ISO 

switch feeder regulator, ISl 
Direct current, 7 

-current feeding, 301 
-current stations, 67 
Discharge across gaps of lightning 

arresters, 212 
Discharger, a.c. static. 218 
Disconnecting switch, 100 
Distribution uf alternating current, 
361 
power, 347. 348 

system, single- phase railway, 
305. 306, 307 
Disturbances, static. 3.54 
Drum ty|>e potentliil regulators, 186 
Ducts for generator cables, Coney 
Island and Brooklvn R. R. Co., 
307 



387 

one synchronous, three-wire sys- 
tem, 45, 40 
shutting down, 255 



l^ison three- wire n'stem, 45 
Electric gulleriea. Long Island City 

power station, 328 
Electrode arrester, liquid, 230 

cell, liquid, 230 
Electrolytic lightning arresters, 227, 

226, 229 
End cells, 36 

Engine room and gallery, Coney Is- 
land and Brooklyn R. R. Co., 
power house extension, 304-312 
room, Memphis St. Ry. Co., 72 
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Equalizer, H 

Equipment for traction eyatem aub- 
station, 386 
WaUrside station No. 2, 31B- 
326 
Erie R. R., Rochester dirision, 396 
Excitation for generatora. Long Is- 
land City power station, 333 



Exciter panel of switchboard, 265 
Bupp lying generator field cir- 
cuit, how driven, 'US 
ExpaQHion of original eyatem, 347 

Factor, load, 101 
Feeder, 249, 300 

alternating-current, 96 

and generator panels, typical 
arrangement, 269, 2 TO 

cables, high-tension, Long It- 
land City power station, 331 

circuits. Long Island R. R. 369 

control panels, high-tension, 
Waterside eUtion No. 2, 317 

gallery. Long Island City power 
station, 327 

Memphis St. Ry Co., 73 

outgoing, 248, 249 

panels, 50, 52, S3, 96, 97 

panel, Chicago Edison Co., 86, 
87 

panels, Coney Island and Brook- 
lyn R. R. Co., 311 

panel of switchboard, 267 

panel, single-phase with feeder 
regulator, 243 

panel, single-phase with plug 
■witches and expulsion fuses, 
244 

regulators, 170, 179, 180 

regulator action, 180 

single-phase, 244 
Feeding, 347 
Fisk St. station, Chicago Edison. Co., 

302 
Floating coil, 1S7 

voltage. 34 
Frequency, changing, SOS 

>iigh, 212 

indicator, 208 

law, 212 

same for two machlnec, S6S 
Fuses, 103, 115 

expulsion, 115, 118 

uses with lightning arrester, 214 

Gallery, Coney Island and Brooklyn 
R. R Co., power house extension, 
304-31! 



Long Island Ci^ power houoe, 
335, 337 
Gap, equivalent needle, 216 
spark, 217 
unit, form V, 216 
Westinghouse ^pe C. lightning 
arrester, 221 
Oas engines, 347 
General Electric Co. typo C, form K 

circuit breaker, 59 
Generation of alternating current, 
301 
power, 347, 348 
Generator, 240 

alternating-current, 93 
and feeder panels, typical ar- 
rangement, 269, 270 
cables. Coney Island and Brook- 
lyn R. R. Co., 307 
control. Waterside station No^ 

2, 315 
counter e.m.f., 38 
direct- current, 7 
feeding one set of busbars, 243 
panel, a.c, wiring diagram, 

246 
panel for ratings esoeeding BOO 

kw., 11 
panel for ratings not exceeding 

800 kw., 10 
panels of switchboard, 265 
panel, three-phase, 241 
panel, two-phase, 242 
single-phase, 361 
station, expansion, 347 
throwing into parallel with 

others, 20 
two-phase, 243 
voltage, 100 
with balancer set, three- wire 

system, 46, 47 
with compensator, three- wir« 
system, 45, 46 
Ground connections, 239 
Grounded wire, 23S 
Group system, cable connections, 
103, 104 

Eammel substation, Ixmg Island 

R. R., 37S 
Handholes for generator cables. 

Coney Island and Brooklyn R. R. 

Co., 307 
Hartman Circuit Breaker Co., oil 

switches, 160 
High -tension traction, 66 
Horn arrester, 223 

gap arrester with disemuieetiiig 
switch, 224 
Hydraulic power station, 840 
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Impulse, strong result of lightning, 

£07, 208 
IndUmapolis and Louisville Traction 



300 

motor pane! of switch iioard, 265 
regulators, 187, 103 
regulators, polvphase, IQl 
Inlet, requirements' to be met, 2H9 

simplest form. 290 
Instrument board, 273, 274 

panel, Waterside station No. 2, 

.316 
posts, 275 
Instruments, 267 
Tosulation at inlet, 291 

for voltagea between 600 and 
3500: Table VII, Appendix 
Insulator, roof, 296 

wall. 263-296 
Interborough Rapid Tranait Co., 
power stations, 302 

Jack, ammeter, 113, 114, 115 

Lighting switchboard, Indianapolis 
and Louisville Traction Co., 83 
systems, 70, 301 
Li^tning arrester, 207, 200 

arrester, electrolytic, 227, 228, 

229 
arrester house, 366 
arrester house. Long Island R. 

K., 376, 377 
arresters, installation, 238 
arrester. low-equivalent a. 

218 
arrester, metal multigap 4l>e, 

222 
arrester, multigap, multipl< 

c, 215, 216, 217 
arrester, multiplex multigap, 

217 
arrester. Prof. Elihu Thomson'i 

220 
arresters, purposes. Dr. Stein- 

metz's definition, 208 
arresters, spacing between, 219, 

222 
causes, 207 

Dr. Steinmetz'a definition, 207 
Line batteries, 369 
Load curves, battery in uae, 32 
curve, Memphis St. Ry. Co.'a 

power house, 71 
factor ol plant, 101 
Locke Mfg. Co., wall insulator, 295, 
290 
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Long Island City power station. 
32U-340 
Island power station, Penn. R. 

R., 302 
Railroad, portable substations. 
301 



M. P. arrester, 237 
Magnetic blowout i-ircuit breaker, 
G. E. Co. type M, form K3, 61 
blowout protective devicea, 226 
Memphis St. Ry. Co., Tenn., 71 
Mercury rectifiers, 24 
Metal, non-arcing, 210 
Motor booster set, Memphis St. Ry. 
Co., 73 

direct-current, 95 
-generator sets, comparative ef- 
ficiencies, prices, etc., 350, 3E7 
-generator sets, induction, 356, 

358, 380 
-generator induction, 255, 366 
generators, use, 356, 359, 300 
-operated 113 oil switch, 136, 

136 
-operated oil-switcbea, 121 
aUrting, 206 

-starting panels, continuous-cur- 
rent, 56, 67 
synchronous, 256, 256, 2S6, 350 
Mounting lightning arresters, 220 
Of oil switches, 127, 128, I2ft, 
130, 131, 132 
Multigap lightning arrester, 20S, 
213 
lightning arrester, double-pole, 

222 
li^tning arrester, metal, 222 
multiplex a.c. li^tniug ar- 
rester, 215, 216, 217 
Multiplex multigap lightning ar- 
rester, 217 

Needle gap, 2 IS 

New York Central and H. R. R., 
Port Morris power station, 302 
York Edison Co., Waterside 
stations, 302, 312-326 
Non-arcing metal, 210 

Oil switch, 108, 118, 152, 159, IW. 
161 
switch, automatic, type C, 141 
switches, construction, 183 
awitchea, H3 and H4, 136, 1«2 
switch, K2, 126 

switch, K2, operated by d.c 
solenoids, 131 
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Oil switch, K3, mounted on pip« 

supports, 127 
switch, K4, 132 
switch, pipe mechauiBm, 381 
switches, solenoid operated, 142 
■witch, three-pole type C Auto- 
matic, 148 
switch, type A, 150 
switch, type B, 147, 150 
switch, type C, 139, 140, 150, 

161 
switch, type C non-automatic, 

147 
switch, type D, 138, ISl 
■witch, type E, 143, 144 
■wit«h, ^pe G, 144, 146, 146, 

148 
switch, type H, cable control, 

ISI 
switch, type L, 140, 148 
switches, Westinghouse, 138 
■witches, Woodhaven Junction 

substation, 374 
One-hundred- thou sand- volt station, 

344-346 
Oscillations, result of lightning, 207, 



Pacific Electric and Mfg. Ca, oil 

switch, 162 
Panels, battery, balancer and booster, 
Chicago Edison Co., 88, 89 
double-pole generator, 17, 16 
equipment, constant-current 

transformer, 1S7 
feeder, 60, 62, 63 
feeder, with circuit, 97 
with oil switches, 98 
for main and equaliEer switches, 

14, 16 
generator, 94, 96 
generator, for 12E and 260 volts, 

20 
low-tension feeder system, 86 
outAt, Cooper- Hewitt mercury 

rectifier, 20 
switchboard, 262 
Parallel, throwing converter into, 
22 
throwing generator into, 20 
Pedestal for main and equalizer 

switches, 13 
Pennsylvania R. R. Long Island 

power station, 302 
Phase relation, change, in polyphase 
Induction regulator, 191 
relation, same for two" machines, 



Pipe mechanism for K4 oil switdi, 

133 
mechanism for operating K and 
K2 oil switches. 129, 130 
Plug switches, 108, 112, 113 
Polyphase induction regulators, 191 
Port Morris power station, N. Y. C. 

and H. R. R., 302 
Poteatial regulator, 23. 170 
Power carrying capacity: Table III, 

distribution, 301 

factor, 358 

-factor indicator, 268 

factor, induction motor, 266 

generation and distributimi, 

347, 348 
rating of plant, 100 
stations, 71 
Protective apparatus, maintenance. 



239 



. 209 



377 

of cell, 43 

of well-known stations, 302 
Reactance, 180 

high, 232 
Reactive coils, 232 
Reactors, 232 
Rectifiers. 24 

Regulating pole converter, 349 
Regulation of batteries, 36 
Regulator, carbon pile, 40 

control, ISl 

controller type, 183 

feeder. ITD, 17S, 180 

induction, 187, 193 

polyphase induction, 191 

potential, 23, 170 

single-phase feeder induction, 
187 

" step by step," 186 

switch, 181, 182 

Tirrill, 170 

with exciter between regulator 
and booster field, 42 
Relay, 154 

alternating-current, 150 

bellows-type overload, 166 

circuit-closing, 169, 160 

circuit-opening. 100 

construction, 169 

differential, 158 

four- wire three-phaae system, 
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low-voltage, ISS 
over- voltage, 159 
overload, reverse power inverse 

time-limit, 164 
overload. Waterside No. 1 

power BtAtioD, ISO, lfi7 
polypbase, 161 
reverse-current. 167, 158 
reverse-phaBe, 159 
single-pnase, 161 
single-pole, 162 
Bfstem, cable connections, 102 
three-phase sysUm, 163, 166, 

lfi7 
reverse three- pole circuit-open- 
ing reverse- current, 163, 165 
time- limit, 155 
time-limit overload, 169 
two-pole circuit closing, ISS 
underload, 168 

with solenoid'Operated oil 
switch, 162 
Resistance 212 

in li^tning arreeteTS, 214 
Resultant scheme of relay, 161 
Reversing direction of rotation, syn- 
chronous or induction motor, 257 
Rheostats, field, method of mount- 
ing, 9 
Ring system, cable connections, 102 
Rochester division, Erie R. R., 396 
Roof insulator, 296 

Selector switches. Long Island City 

power house, 330 
Series trip, 123 

trip coils for K3 oil switches, 
120 
Bervioe, claniScation as to kind of. 



Signaling system. Long Island City 

power house, 337-340 
Single-phase a.c. current, generation, 
361 

■phase electric roads in America, 

364 
■phase feeder induction regula- 
tor, 187 
-phase induction regulatora, 1S8, 



unit system ot cable connec- 
tions, 101 
Sixty-tfaousand-volt station, 340-346 
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Sise of unite tor given size of sta- 
tion, 302 
Solenoid, d.c. for operating oil 
switch, 131, I3Z 

operated oil switches, 142 
type oil switches, 121 
Spacing between lightning arrest«rs, 

219, 222 
Spark gap, 217 

-gap connection to transformer 
banks, 354 
Sparking distances: Table X, Ap- 

Bplit pole converters, 349, 350 
Spokane Inland R. R. Co., 404 
Standard Electric Co, horn arrester, 

22G, 226 
Stanley Electric Co. lightning ar- 
rester, 222 
Starting compensators, 203, 204, 360 
converter, 251, 263 
converter on d.c. side, 22 
induction motor, 256 
the motor, 206 
panel. Coney Islsnd and Rrook- 

lyn R. R. Co., 311 
panels, continuous-cuTTent mo- 
tor. 58, 57 
synchronous motor, 257 
turbine, 340 
Static discharges, 218 
disturbances, 364 
Station, a.c, location, 208 
central, 298 
direct-current, 67 
end, 356 
equipment. Waterside station 

No. 2, 313 
intermediate, 355 
100,000-vott, 344-346 
power, 71 

60,000-volt, 340-346 
Steinmetz, Dr. C. P., 25, 26 
"Step by step" regulator, 186 
Storage batteries, 7, 31, 369, 360 
batteries, Hammel substation, 

375 
batteries. Long Island R. R., 

370 
battery. Spt^ane and Inland 
Ry. system, 405 
Stress, steady, result of lightning, 

207 
Substations, 300, 347-366 
miscellaneous, 366 
portable, 391 
portable, with converter and 

transformer. 394 
re1ati\'e merits, 363 
synchronous converter, 340 
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Substations; 

transformer, 380 
typical, 367 

with motor-generator sets. 356, 
359 

Switch, airbreak, 118 
bus- section iziDg, 1 12 
dial, ISe 

diHcoitnecting, lOB, 110, 111 
H3 and H4 oil, 135, 162 
house, 100,000-vo1t station, 344 
house, 60,000-\-olt atation, 341 
K2 oil, 12S, 131 
K3 oil, 127 
K4 oil, 132 

nuiDuallj' operated type E., 142 
oil. 108, 118, 152, 1S9. 160, 161 
oil, construction, 124, 127, 153 
oil, electrically operated, 119 
oil, manually operated, 119 
oil, pipe me'ehaniem, 361 
oil, pneumatically operated, 119, 
121 



tioii, 347 

plug, 106, 113 

primary plug, 112 

regulators, IBI, 182 
Switchboard, 1, 2 

Coney Island and Brooklyn R- 
R. Co. power bouse extension, 
311 

direct-current, 84 

for induction motor running 
exciter, 255 

Weatinghouse 1110-2500-volt a. 
c, 268, 270 

gallery, Coney Island and Brook- 
lyn R. R Co.. 308 

gallery, Indianapolis and Louis- 
ville Traction Co., S2 

gallery. Long Island City power 
house, 336, 337 

galleiy, Memphis St. Rv. Co., 74 

high-tension, 240, 267. 268 

lighting, Indianapolis and 
Louisville Traction Co., 83 

Ix>ng Island Citv power house, 
334 

Memphis St. Rv. Co., 77, 78, 79, 
80 

panels. 26^ 

2300-volt a.e., 263, 264 
Switchgear, 1 
Switching arrangements. 107 

arrangements, design. 301 

arrangement, high-tension, 911 

arrangenienlji, oil switches, 151). 
160, 161 



arrangement. 60,000-iolt 

tion, 342, 3-13 
arrangements. Hyiicliroiiuu» 

Synchronism, instrumeuts, to 



iadi- 



a booster, 360 
■, 21, 261, 366, 357, 35S, 
356, 360, 362 
converter panel. 260 
converter substations, 349 
motor, 255. 256, 266, 356 
motor-generator set, 356. 368, 

350 
motor panel of switchboard, 266 
motor sets, 357 
running of machine. 258 
SyncbroacDpes, 25S, 260 

Table contact, types C and H oil 

switches, 149 
Telluride Power Co., wall bushinM, 

292, 294, 296 

Thomas Co., R., wall insulators, 

293, 294, 296 

Three-phase a.c. current, generation, 
361, 362 

-phase a. c. line, 361, 362 

-phase net, 361, 362 

-wire system, 45, 301 
Tirrill regulators, 170 
Traction service, 301 

systems, 67 

system substations, equipment. 

Transformers, 301 

actuating tripping coils, 124 

air-cooled, 352 

Coney Island and Brooklyn R, 
R. Co., 310, 311 

constant-current, 194. 200 

equipment, 198 

Long Island R. R. substations, 
366 

oil-cooled, 352. 353 

polj'phase, 361 

single-pliase 353, 361 

stations, 395 

step-dou-n. 351 

substations, 360 

three- phase, 353 

water-cooled, 352, 353 

Woodliaven Junction substation, 
375 
Trip coils for oil switches. 121. 122 

series, 122 
Turbine, starting, 340 
Two-phase generation of a.c. cur- 
rent, 361, 362 

-wire feeder panela, 93, M 
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voltagi.., 349, 350 

Voltafte. constant. 17B 

direct -current, of converter, 346 

extra lii^i. 28K 

floating. 34 

keeping ranstaut, 178 

of generators, 100 

regulation. 170 

wr\-ice. G7. 118 

variation, direct, 349, 3S0 
Voltmeters, 23K 

contact-making. 184, 186 

Wall inlets, 289 

insulators, location. 296 
outlets. 289 

outlet with slab of insulation 
material and insulating tube, 
291, 2fl2 
outlet with terra cotta pipe, 290 
Water jets, 237 

•power stations, location, 209 
Waterside power station, No, 1. " 
Y. Edison Co., 156, 302 
station No. 2, N. Y. Edison Co.. 
302, 312-326 
Wattmeters, 297, 2S3 

1 per foot lost in single- 



Westinghouae circuit breakers. 138 
form of reactance coil, 234 
oil switctips, 138 
type C circuit breaker, 60 
type C lightning arrester, 220 
Williamsburg power station, Brook- 
lyn Heights Ry. Co., bus compart- 
ments, 283, 286 
Windsor, Essex and Lake Shore 

Rapid Ry., 402, 403 
Wires, carrying capacity: Table I, 
Appendix 
ground, 235 
rubber-covered; Table VI, Ap- 

Wiring diagrams, 240 

diagram, a.c. generator panel 
24S 



247 

diagram and panel, U. K. Co. 
niercurj- rectifier outfit, 27 

diagram, direct-cuvrent genera- 
tor panel. 8. 12. IS 

diagram, direct current inverted 
converter panel. 22 

diagram for direct-current sole- 
noid operating oil switch, 132, 
134 

diagram, direct -current sivitcb- 
board, 8S 

diagram, Edison three-wire sys- 



diagram, induction motor con- 
nection, 250 

diagram, low-tension, Long Is- 
land City power houses, 333, 
334 

diagram, motor, of H3 oil 
switch, 137 

diagram, outgoing line panel, 
248 

diagram, portable aubatation, 
39i! 

diagram, power house and suit- 
station, Windsor. Essex and 
rake Sliore Rapid Ry., 402 

diagram, six-phase converter, 
264 

diagram, six-phase synchronous 
converter, 252 

diagram, switchboard, 264 

diagram, synchronous converter 
panel, 22 

diagrams, three -phase synchro- 
nous converter connections, 
250 

diagram, three- wire d.c. genera- 
tor, 47 

diagram, three-wire system with 



balai 



I, 48 



internal, for motor operated 

switch mechanism, 164 
switchboard. Memphis St. Ry. 
Co., 80 
Woodhaven Junction substation. 
Long Island R. R., 370, 371, 378 
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